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FORWORD

The development of new and existing weapon systems will have an impact
on the Army's manpower, personnel, and training requirements. Changes in the
technology or manpower used in a system can have considerable impact on the
workload of the operator(s). Because high operator workload can decrease
system effectiveness, operator workload must be considered throughout the
system design process.

Models have been developed to predict the operator workload in Army
helicopters. The method used for creating these models is called the Task
Analysis/Workload (TAWL) methodology. The TAWL Operator Simulation System
(TOSS) has been developed to provide computer support for the methodology.
The TAWL methodology is useful for assessing the effect of equipment design
changes, mission changes, or manning changes on the workload of the system
operator(s). It has been applied both to existing systems and in advance of
system design.

This research product is a user's guide for the TAWL methodology and
Version 4.0 of the TOSS software. The guide consists of two parts. Part I
presents a global overview of the TAWL methodology, and Part II presents step-
by-step instructions on the use of Version 4.0 of the TOSS software. The
production of the TAWL User's Guide comes in response to increasing interest
in the methodology's application to a broad range of Army systems. This
interest emanates from industry, as well as from the Army.

This work was conducted at the U.S. Army Aviation R&D Activity, Fort
Rucker, Alabama, under research task 1210, entitled "Reducing Operator and
Maintainer Requirements in Next Generation Army." The Aviation Systems
Command (AVSCOM), St. Louis, Missouri, sponsored the research under a memo-
randum of understanding entitled "Establishment of Technical Coordination
between the U.S. Army Research Institute for the Behavioral and Social
Sciences and AVSCOM," dated 10 April 1985.

In October 1990, the TAWL methodology and a demonstration of the TOSS
software were presented at the 34th annual meeting of the Human Factors
Society in Orlando, Florida. In addition, the user's guide and software have
been provided to representatives of the Sikorsky Aircraft Company, Stratford,
Connecticut; McDonnell Douglas Helicopter Company, Mesa, Arizona; Midwest
Systems Research, Dayton, Ohio; Mitre Corporation, McLean, Virginia; and AT&T,
Somerset, New Jersey.

TE DirectH SON
Technical Director
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Introduction

This Task Analysis/Workload (TAWL) User's Guide contains a description of the
methodology and instructions for generating a workload prediction model using
Version 4.0 of the TAWL Operator Simulation System (TOSS). A TAWL workload
prediction model is an analytical tool that generates detailed predictions of workload
for up to four operators of an item of equipment (referred to as the system). The
predictions are detailed with respect to time and type of task demands (e.g., visual,
cognitive) placed on the operators of the system. The detail generated in the predic-
tions is accomplished by developing and inputting a description of each operator's use
of the system. The intended users, purpose of the user's guide, and overview of the
guide is described in the following sections.

Intended Users

The TAWL methodology and the TOSS software are useful for the analysis of
workload in situations where other measures Af operator workload are impractical.
Some examples of systems where direct measurement of operator workload are
impractical include: systems that are under development, systems that are extremely
dangerous or expensive to operate, systems that have a large number of different
configurations, systems that have a large number of different uses, and systems where
direct or indirect observation of the operators is not possible.

A TAWL workload prediction model can be used to evaluate or compare
different systems during system acquisition. The methodology generates workload
predictions with sufficient detail to be diagnostic of workload problems. For example,
the TAWL methodology might predict that proposed changes to a system would result
in higher visual workload. Whereas, if the workload is characterized by a single
metric, the only conclusion that can be drawn is that the operator's workload has
increased; however, the source of the increase (e.g., cognitive, auditory, visual) would
remain unknown. The level of detail produced as a result of a TAWL analysis is diffi-
cult to approximate using other forms of workload measurement or analysis.

The methodology requires the identification of all aspects of the man-machine
interface and produces a timeline of system use, annotated with the tasks performed
by each operator. This information can be used by training system developers to
design devices necessary to train selected system functions or tasks. It can be used to
determine the amount of time that each subsystem in the system is used by the opera-
tor(s). It can also be used to manage the use of limited processing or storage in a
computer system. For example, computer instructions and data necessary to perform
certain functions might be loaded and available only when the user is expected to
activate those functions. Thus, computer processing power and storage could be
saved because all functions would not be available at all times.

The TAWL analysis of a system can be accomplished by a single analyst. A
depth of knowledge of the operation of the system is the most valuable asset for the
analyst. No formal training in the measurement or analysis of workload or in computer
operations is assumed or required, although either would be valuable. The duration of
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the project that analyzes a reasonably complex system will probably be measured in
months rather than in days.

Pumose of the User's Guide

As noted, the goal of the user's guide is to instruct the user on all steps neces-
sary to produce an operational workload prediction model. This requires that the user
be instructed on how to perform a TAWL analysis on the system of interest and how to
use the data obtained during the TAWL analysis to implement the model using the
TOSS software. Until the release of the user's guide for Version 3.0 of the software
(Bierbaum, Fulford, & Hamilton, 1990), little documentation existed describing the
methodology divorced from its applications. The literature describing the application
of the TAWL method did so with emphasis on the system being analyzed. This user's
guide should be the only document necessary to use the TAWL methodology and
Version 4.0 of the TOSS software; however, the reports listed below provide excellent
examples of the application of TAWL.

Overview of the User's Guide

Research has demonstrated that the most effective documentation of computer
software includes a global overview and detailed, step-by-step instructions (Holt,
Boehm-Davis, & Schultz, 1989). Accordingly, Part I of the user's guide presents a
global overview of the TAWL methodology and Part II presents step-by-step instruc-
tions on the use of Version 4.0 of the TOSS software. Part I fully describes the require-
ments and output of the methodology and should be read thoroughly prior to the
initiation of the use of the TAWL methodology. The research tasks described in Part I
require the majority of the project time.

The Overview and System Requirements sections at the beg;nning of Part II and
the headings in all other sections of Part II should be read prior to project initiation.
This will familiarize the user with the overall structure and function of the TOSS soft-
ware. The step-by-step instructions should be referred to only when performing the
tasks they describe.

Background

Anacapa Sciences, Inc., under contract to the U.S. Army Research Institute for
the Behavioral and Soc'al Sciences, has developed a methodology for predicting
operator workload using the information produced from a task analysis of the system.
The methodology originally was developed during the concept exploration and defi-
nition phase of the system development process for the Army's Light Helicopter Family
(LHX) aircraft (Aldrich, Craddock, & McCracken, 1984; McCracken & Aldrich, 1984).
Analyses were conducted to compare the operator workload of one- and two-
crewmember configurations of the LHX. Subsequently, the methodology was refined
for use in predicting the effect on operator workload of prospective modifications to
existing Army helicopters. The refined methodology has been used to predict the
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crewmember workload for existing and modified versions of the AH-64 aircraft (Szabo
& Bierbaum, 1986), UH-60A aircraft (Bierbaum, Szabo, & Aldrich, 1989; Bierbaum &
Hamilton, 1990a), and CH-47D aircraft (Bierbaum & Aldrich, 1990; Bierbaum &
Hamilton, 1990b). The refined version of the methodology is called the Task Analysis/
Workload methodology. In addition, computer support for the methodology has been
developed and named the TAWL Operator Simulation System (TOSS). An earlier
version of the software is described in Bierbaum, Fulford, and Hamilton (1990). Initial
validation of the TAWL methodology is described in a report by lavecchia, Linton,
Bittner, and Byers (1989). For a brief description of the methodology and software, see
Hamilton and Bierbaum (1990) and Fulford, Hamilton, and Bierbaum (1990).

Overview

A TAWL workload prediction
model is developed in the three
stages portrayed in Figure 1. In the
first stage, the analyst performs a task/ Task/Workload
workload analysis on the system. A Analysis
prototype mission for the system is
identified and then is decomposed
progressively into phases, segments,
functions, and tasks. The analysis
yields a description of the duration I C
and sequence of each task and Model Construction
identifies the crewmember and sub-
system associated with each task.
The workload analysis is based on a
multiple resources theory of human
attention and yields independent M
estimates of the cognitive, psycho- Model Simulation
motor, and sensory components of
workload (hereafter referred to as
workload components) for each task. Figure 1. The three stages of a TAWL analysis.
The theory differs from other multiple
resource theories of attention in the nature and number of components identified. See
Wickens (1984) for a review of other multiple resource theories of attention and their
relation to workload.

The methodology treats each of the components independently for two reasons.
First, although interactions between workload components probably occur, adequate
definitions of the nature of the interactions do not exist. However, the developer may
wish to test different models of the interactions with further processing of output from
the TAWL methodology. Second, information that results from analyzing workload
components individually is useful for determining appropriate ways to reduce or redis-
tribute workload amorfq the crewmembers, subsystems, or components. For example,
a design engineer cojlJ decide whether additional information should be presented
visually or aurally by d.oermining which component had the least amount of workload.
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The workload analysis is based upon subjective estimates of operator workload
rather than estimates derived through experimentation. Analysts and subject matter
experts (SMEs) generate workload estimates by using equal-interval, verbally an-
chored rating scales; the scale values range from 1.0 to 7.0. This approach avoids the
expense in time, money, and manpower expected to derive empirical measures of
workload.

In the second stage of the TAWL methodology, the analyst develops a model of
each crewmember's actions and interactions by analyzing the sequence of tasks and
functions during each segment of the mission. Function decision rules are developed
that describe the sequencing of tasks In functions; segment decision rules are devel-
oped that describe the sequencing of functions in segments. It is asbJmed that the
segments can be combined to model the mission phaces and the entir6 mission.

In the third and final stage of the TAWL methodology, the crewmembers' actions
are simulated during the operation of the system. The TAWL Operator Simulation
System (TOSS) computer software performs the simulation and produces estimates of
each crewmember's cognitive, psychomotor, and sensory workload for each half-
second of the mission. The estimates of component workload are generated by sum-
ming the workload for that component across all tasks that the crewmember performs
during each half-second of the mission. An overload threshold is used during execu-
tion to produce estimates of the amount of time during the mission that each crew-
member is in an overload condition.

Using the TAWL prediction methodology, an analyst can develop a model of a
system and use the model's output to determine:

"* the absolute and relative w... •,oad of the crewmember at half-second time
intervals,

"* the time during which crewmembers experience high workload, and
"* the components for which crewmembers experience high workload.

The information yielded by the TAWL methodology may enable system
designers to reduce workload or to redistribute workload over time, crewmembers, or
components. Designers also may use the information to identify design alternatives
that result in lower workload.

In addition to the utility described above, models generated using the method-
ology produce mission timelines and task listings at half-second intervals that can be
used to develop the systems' manning and training requirements.

The methodology is especially useful in the analysis of systems that require the
concurrent or random execution of tasks. The predictions for concurrent task perfor-
mance are obtained by summing workload estimates for each of the tasks being
performed. Little insight will be gained in the analysis of systems whose operations
are characterized simply by sequential task performance.

The methodology's multidimensional view of human capabilities allows the
design engineer to identify modifications that shift operator workload from one
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component to another. For example, technology designed to reduce an operators
need to maintain physical control of system functions often increases the operator's
role as a monitor. Thus, advanced technology may decrease operators' psychomotor
workload and increase their cognitive workload. Given the limited capacity of human
cognitive ability, system designers must avoid shifting all the workload associated with
system operations into the cognitive component (or any other single component, for
that matter). Thus, this methodology, with its second-by-second estimate of operator
workload, allows the design engineer to more readily utilize all of the operators'
capabilities and, in turn, to increase system effectiveness.

The three stages of the TAWL methodology are discussed in more detail in the
following sections. Examples are taken from an aviation context, but the methodology
can be applied to other systems.

Task/Workload Analysis

The first stage of the TAWL methodology consists of two steps. To simulate the
man-machine interface, the system's operation must be characterized. Thus, the first
step is a top-down analysis of the system to decompose the system operation into
operator tasks. A schematic representation of the task analysis is provided on the left
side of Figure 2.

The second step is a workload r-

analysis. Although the task analysis TASK/WORKLOAD ANALYSIS MODEL CONSTRUCTION

identifies the tasks required to operate
a system, it does not provide sufficient 1
information to predict the workload MISSION I
that the crewmembers experience. To
assess the workload imposed by a/
system, some characterization mus, P HA 1
be made of the attentional demands PHASES
that the tasks place or, the operators.
The sections that follow describe the _
task/ workload analysis in greater 1 1 SEGMENT
detail. SEGMENTS I I DECISION

RULES

FUNCTIONS DECISION

The task analysis is a top-down 
RULES

decomposition of the overall opera- I

tion of the system. The steps of the TASKS
task analysis are listed below and[
discussed in the pages that follow:

"• develop a composite mission Figure 2. Task/workload analysis and model
scenario, construction stages.

"* divide the composite mission
scenario into phases,
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"* identify the segments in each phase,
"* identify the functions in each segment, and
"* identify the tasks in each function.

At the highest level of analysis, each operation of the system, termed a mission,
is designed to accomplish an objective. For example, an attack helicopter mission
may consist of seeking out and destroying a group of enemy tanks. Because there are
several ways to accomplish a mission, a composite mission can be developed from
several unique mission profiles (e.g., different routes, different targets). The composite
mission is a combination of the unique operations present in the various mission
profiles.

After the mission is identified, the top-down analysis continues by dividing the
mission into temporally discrete, uninterruptible, and nonrepeating divisions called
phases. A phase is a required, logical part of a mission that may be accomplished in
several ways. Phases must be sequential to other phases (i.e., they do not occur
concurrently) and must be contiguous. All portions of the mission are encompassed
under one of the mission phases and every phase must be performed to accomplish
the mission. Thus, the mission is composed of a sequence of phases placed end to
end. Mission phases identified for the attack helicopter include: preflight, departure,
en route, target servicing, rearming, return, and postflight.

The mission phases are then divided into temporally discrete, uninterruptible
parts called segments. A segment represents a particular method of accomplishing a
part of a phase. Segments must be sequential to other segments and must be con-
tiguous. Several segments may represent a variety of methods used to complete a
portion of the phase; thus, every segment within the phase may not be needed to
complete the phase. Segments may also be repeated in other phases. For example,
the en route phase of the attack helicopter mission contains four segments: contour
flight, nap-of-the-earth flight, approach, and landing. Thus, two versions of the en
route phase are accomplished by sequentially performing three of the segments:
contour flight, approach, and landing; or nap-of-the-earth flight, approach, and landing.
Approach and landing are examples of segments that might also be found in other
mission phases.

The next step is to identify all the interruptible parts of the segments, which are
called functions. A function is defined as the collection of a crewmember's actions that
are necessary to carry out a single logical activity. The same functions may be per-
formed in different segments. Functions can be concurrent with or sequential to other
functions in the segment. Examples of functions are: change battle position, hover
masked, check instrument panel, and fire weapon. For each function identified during
mission decomposition, a Function Analysis Worksheet is developed to organize the
information gained from the analysis of the function. Table 1 presents an example of a
Function Analysis Worksheet taken from the mission of the AH-64 helicopter. For ease
of reproduction, blank copies of all the worksheets used in the methodology are pre-
sented in Appendix A, including a blank Function Analysis Worksheet.
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The lowest level of mission decomposition Is the task. Tasks are defined as the
uninterruptible crew activities that are required for the successful completion of the
function. Tasks can be concurrent with or sequential to other tasks in the function.
Each task identified in a particular function Is listed on the Function Analysis Work-
sheet for that function. Tasks are described by verbs and objects and are listed in the
first two columns of the worksheet (see Table 1). The verb describes the crew-
member's action and the object describes the recipient of the action. Examples of
verbs include check, set, position, monitor, and release; examples of objects include
switches, knobs, helmets, and maps.

For each unique task, three types of data must be determined. First, each
crewmember who performs the task is identified in the analysis. A single letter (e.g.,
Pilot [P], Gunner [G], or Both [B]) in column 3 on the Function Analysis Worksheets
indicates the crewmember(s) performing the task. Second, the subsystem equipment
associated with the performance of each task is identified. For example, the task "Pull
Laser Trigger" is associated with the Laser subsystem and the task ýSet Park Brake" is
associated with the Brakes subsystem. The subsystems associated with each task are
logged on the Function Analysis Worksheet in column 4.

Finally, the time necessary to complete each task is estimated in two steps;
each task is first categorized as discrete or continuous and then the duration is deter-
mined. Discrete tasks are defined as tasks whose magnitude or intensity of perfor-
mance does not determine the magnitude of the resulting system change. Discrete
tasks occur in open-loop control systems. For a complete review of the definition of
open-loop and closed-loop control systems, see Wickens (1984). Activating switches
and checking gauges are examples of discrete tasks. No matter how a switch is set
(hard, fast, slow, soft), the system's response is the same. Estimates of the duration of
discrete tasks are obtained from direct observation during system operation or simu-
lation, or from SME Interviews. The task duration is logged on the Function Analysis
Worksheet in column 9 (columns 5-8 are reserved for the workload estimates).

Continuous tasks are tasks whose magnitude or intensity of performance
determines the magnitude of the resulting system response. The resulting state of the
system, in turn, determines the continuing magnitude or intensity of the operator's
performance of the task. Continuous tasks, therefore, occur in closed-loop control
systems. The task of controlling the pitch during contour flight in a helicopter is an
example of a continuous task. The pertinent aspect of the system that changes when
the pilot pushes forward on the cyclic (stick) is that the aircraft dives toward the ground.
If the pilot pushes forward rapidly on the cyclic (high intensity or magnitude), the air-
craft dives rapidly (system change). Often mission requirements determine continuous
task durations. During a mission, the distance that the pilot is required to fly deter-
mines the duration of the task of controlling the aircraft's pitch. Continuous tasks are
indicated on the Function Analysis Worksheets either by placing the letter "c" or the
mission-determined duration in column 10.

Identification of the mission, phases, segments, tasks, crewmembers, subsys-
tems, and durations completes the task analysis. The task analysis is performed with
support from a number of sources. Task and duration information for existing systems
can be obtained from observation of the operation of the system or a system
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simulation. SMEs, such as operators of existing systems or development engineers of
emerging systems, can provide the information necessary to perform the task analysis
for systems under development. In addition, useful information may be obtained from
checklists, specifications, training and tactics manuals, and other documents that
describe the proposed or actual use of the system.

The TOSS software supports the task analysis by providing data base manage-
ment of the information produced during the decomposition of the mission. TOSS
maintains lists of segment names, function names, task names, crewmember names,
and subsystem names, as well as a list of the subsystems associated with each task.
The subsystems are categorized into major subsystem groups. Thus, the Laser sub-
system is in the armament subsystem group, along with the fire control computer, gun
control, rocket control, and missile control subsystems. The task analysis data can be
created, updated, and printed using the TOSS software.

Workload Analysis

Knowing what tasks are necessary to operate a system does not provide suffi-
cient information to predict the workload that the crewmembers experience while
operating the system. To assess the workload imposed by a system, some character-
ization must also be made of the workload that the tasks place on the operators. The
steps of the workload analysis are discussed below:

"* determine the workload components pertinent to the application,
"* develop or adopt workload component rating scales,
"* write descriptions of the demands placed on the operators by the tasks, and
"* compare the descriptions of the task demands with the workload rating scales

to produce estimates for each workload component for each task.

Workload, as the term is used in this research, is defined as the total attentional
demand placed on the operators as they perform the mission tasks. Consistent with
Wickens' theory of human information processing, human attention is viewed as a
multidimensional construct of limited availability (Wickens, 1984). This research
methodology recognizes different components of attention (e.g., cognitive, psycho-
motor, and sensory). Thus, workload is the demand on each of these components
imposed by all the tasks an operator is currently performing. The methodology further
assumes that each of these components is a limited resource that, when expended,
will result in degraded task performance or task shedding. The TOSS software can
model up to six workload components. The exact decomposition of the components of
workload is flexible in the program. For instance, TOSS can be used to model a
theory of attention that identifies only two components, such as verbal attention and
spatial attention.

Szabo and Bierbaum (1986) identified five workload components in the analy-
sis of the AH-64 helicopter: cognitive, psychomotor, visual, auditory, and kinesthetic.
The cognitive component referred to the attentional demand of information processing
that the task required. The psychomotor component referred to the attentional demand
required to make coordinated physical responses. The three sensory components
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referred to the attentional demand of the task-relevant visual, auditory, and kinesthetic
processing. Later, Bierbaum and Aldrich (1990) identified one additional component
that was relevant to the analysis of the UH-60 helicopter. They identified two visual
components: visual-unaided and visual-aided. The visual-aided component was
used to describe the attentional demand of the visual processing using night vision
goggles (NVG).

The workload analysis requires a workload rating scale for each workload
component. The rating scales are used to assign a quantitative value to the amount of
attentional demand in each component for each task. The scales should be compre-
hensive so that the full range of attentional demand is represented. At a minimum, the
scales should establish a rank order among the levels of attentional demand; if pos-
sible, data should be collected to produce equal-interval scales. Examples of ordinal
and interval cognitive workload rating scales are provided in Table 2. Appendix B
contains a complete set of interval workload scales taken from a report by Bierbaum
and Aldrich (1990). Ordinal scales can be found in a report by Szabo and Bierbaum
(1986).

Table 2

Ordinal and Interval Cognitive Workload Rating Scales

Scale
Value Cognitive Anchors

Ordinal
1 Automatic (Simple Association)
2 Sign/Signal Recognition
3 Alternative Selection
4 Encoding/Decoding, Recall
5 Evaluation/Judgment (Consider Single Aspect)
6 Evaluation/Judgment (Consider Several Aspects)
7 Estimation, Calculation, Conversion

Interval
1.0 Automatic (Simple Association)
1.2 Alternative Selection
3.7 Sign/Signal Recognition
4.6 Evaluation/Judgment (Consider Single Aspect)
5.3 Encoding/Decoding, Recall
6.8 Evaluation/Judgment (Consider Several Aspects)
7.0 Estimation, Calculation, Conversion
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Workload rating scales are developed by constructing verbal anchors that
represent different levels of workload for each of the workload components. In the
case of ordinal scales, the verbal anchors are ordered by the analysts to represent
increasing workload and are assigned a corresponding number from 1 to the number
of verbal anchors (see top of Table 2). Interval scales can be constructed using any
number of psychometric scaling methods such as pair comparison or magnitude
estimation (e.g., Engen, 1971).

Bierbaum and Aldrich (1990) used a pair comparison survey methodology to
develop the set of scales shown in Appendix B. Using this method, UH-60 instructor
pilots were presented with all possible pairs of the verbal anchors. For each pair, they
were required to indicate the verbal anchor with higher workload. These data were
used to weight and order the verbal anchors on an equal-interval scale. Refer to the
bottom of Table 2 for an example of an interval workload rating scale.

The numerical estimates of workload for the individual tasks are generated
using the rating scales. First, descriptions of the attentional demand of each task are
written for each workload component. Often the performance of observable tasks
requires several components. For example, consider the task of setting a switch in the
cockpit. First, cognitive attention is required to decide that a new switch position is
necessary. Next, psychomotor attention is expended to move the switch. Finally,
visual attention may be required to ensure that the switch is placed in the correct
position. Examples of these descriptions can be found in columns 5, 6, and 7 of the
Function Analysis Worksheet shown in Table 1. Second, the verbal descriptions of the
attentional demand are compared with the verbal anchors defining the rating scales.
The purpose of comparing the verbal descriptions with the verbal anchors is to identify
the verbal anchor that best represents the verbal description. The rating scale value
associated with the best verbal anchor is assigned to represent the level of workload
for that particular component of the task. These ratings are placed below the descrip-
tions in columns 5, 6, and 7 of the Function Analysis Worksheet. Although one analyst
may determine the workload rating, it is preferred that at least two analysts discuss the
matches and reach a consensus on the rating for each workload component of each
task. Subsequently, SMEs can review the consensual ratings.

The methodology allows for further categorization of the workload in each com-
ponent. For example, psychomotor workload can be categorized by the portion of the
body used to perform the task (e.g., left hand, right hand). In a similar manner, visual
workload can be categorized by the location of the visual information being processed
(e.g., internal or external to the cockpit). The TOSS software retains these categories
as workload component specifiers and allows the analyst to define the specifiers that
conflict with one another (e.g., two tasks that require the use of the left hand). TOSS
uses this information during model execution to indicate that component specifier
conflicts have occurred.

The workload analysis produces information describing the workload imposed
by each of the tasks identified during the task analysis. TOSS provides data base
management of the information gained during the workload analysis. TOSS maintains
lists of the workload components used in the model and a list of the workload and
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workload component specifiers associated with each component of each task. These
lists can be created, updated, and printed using the software.

Prior to the full simulation of the operators' actions during the mission, the
information about when the tasks will be performed needs to be developed. The
process that the TAWL methodology uses to specify the scheduling of tasks during
mission simulation is described in the section that follows.

Model Construction

The second stage of the TAWL methodology is the model construction. After the
mission is decomposed to identify the tasks associated with the performance of the
mission and estimates are made of the workload associated with each task, rules are
developed to specify how the tasks are synthesized during the simulation to form func-
tions and segments. Thus, the analyst must describo how the tasks are combined to
form functions and how functions are combined to form segments during the model
construction stage.

Function Decision Rules

Function decision rules specify the scheduling of tasks within a function. The
function decision rules are developed in a two-step process. First, Function Summary
Worksheets are developed. Second, function decision rules are developed using the
Function Summary Worksheets.

For each of the unique functions identified during the decomposition process, a
Function Summary Worksheet is developed. An example of a Function Summary
Worksheet is shown in Table 3. The Function Summary Worksheet describes three
types of information. First, the crewmember performing each task is indicated by
placing the task name and number in a column under the appropriate crewmember's
title. Second, the approximate temporal relationships among the tasks are portrayed
by the position of the tasks on the worksheet: tasks placed higher on the page occur
prior to tasks placed lower on the page; concurrent tasks are placed side by side.
Third, the task category is indicated by placing it into one of the four columns below
each crewmember's title.

For the purposes of the TAWL methodology, tasks are categorized using two
dimensions: Discrete vs Continuous and Fixed vs Random. The Discrete vs Continu-
ous distinction was described previously. The Fixed vs Random dimension relates to
the time at which the task is performed during the mission. Fixed tasks are tasks that
are performed at a predetermined time; that is, the performance of the task is fixed in
relation to other tasks performed during the mission. Random tasks are tasks for which
the time of performance is difficult or impossible to determine a priori. The petfor-
mance of these tasks holds no fixed relation to other tasks during the mi!siorl, and the
time at which random tasks are performed may be affected by any number of factors
(e.g., individual differences, current workload).
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When all four possible combinations of the two task dimensions are combined,
the following definitions are produced:

"* Discrete Fixed - A task that is performed at a predetermined time in the
function and whose magnitude of performance does
not determine the magnitude of the resulting system
change (e.g., setting the park brake).

"* Discrete Random - A task that is performed at an undetermined time in the
function and whose magnitude of performance does
not determine the magnitude of the resulting system
change (e.g., check flight instruments, check obstacle
clearance).

"* Continuous Fixed - A task that is performed at a predetermined time in the
function and whose magnitude of performance deter-
mines the magnitude of the system response; the
resulting state of the system in turn, determines the
magnitude of the subsequent performance of the task
(e.g., perform visual search, track target).

"* Continuous Random - A task that is performed at an undetermined time in the
function and whose magnitude of performance deter-
mines the magnitude of the system response; the
resulting state of the system, in turn, determines the
magnitude of the subsequent performance of the task
(e.g., control altitude, control drift, control attitude,
control heading).

The Function Decision Rules Worksheets are developed using the Function
Summary Worksheets. An example of a Function Decision Rules Worksheet is showr,
in Table 4. Function Decision Rules Worksheets specify the exact sequence and time
for the performance of the tasks during the function. The decision rules on the work-
sheets specify the start time, duration, and crewmember performing each of the
discrete fixed and continuous fixed tasks. For the discrete random tasks, the decision
rules also specify the start and duration of the period during the function that a task
may occur and the number of times that a task is expected to be performed. TOSS
models the continuous random tasks as a set; the decision rules identify each task in
the set, establish the duration of the tasks, designate the crewmember performing the
tasks, and specify the start and duration of the period during the function that the tasks
occur.

The TOSS software provides data base management of the function decision
rules developed during the construction of the model. It maintains lists of the schedul-
ing information for all four types of tasks that occur in function decision rules. The lists
can be created, updated, and printed using the software. The Function Decision Rules
Worksheets are then used in the development of the segment decision rules.
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Segment Decision Rules

After the function decision rules are completed, the segment decision rules are
developed. Segment decision rules specify the scheduling of functions within a
segment. The segment decision rules are developed in a two-step process. First,
Segment Summary Worksheets are completed. Second, segment decision rules are
developed using the Segment Summary Worksheets.

A Segment Summary Worksheet is developed for each unique segment identi-
fied during the decomposition process. An example Segment Summary Worksheet is
shown in Table 5. The Segment Summary Worksheet describes three types of infor-
mation. First, the crewmember performing each function is indicated by placing the
name of the function in a column under the crewmember's title. If more than one
crewmember performs tasks in the function, the name of the function is entered for
each crewmember performing tasks in the function. Second, the approximate tempo-
ral relationships among the functions are portrayed by the position of the functions on
the worksheet: functions placed higher on the page occur prior to functions placed
lower on the page; concurrent functions are placed side by side. Third, the function
category is indicated by placing it into one of the three columns below each crew-
member's title. The methodology recognizes the following three categories of
functions:

"• Discrete Fixed - A function that is performed at a predetermined time in
the segment and whose start and end points are
defined by its discrete fixed tasks (e.g., mask aircraft,
acquire target).

"* Discrete Random - A function that is performed at an undetermined time in
the segment and whose start and end points are
defined by its discrete fixed tasks (e.g., monitor threat,
cockpit communications).

"° Continuous Fixed - A function that is performed at a predetermined time in
the segment and whose start and end points are
defined by its continuous fixed tasks. Thus, mission
requirements and conditions determine their start and
end points (e.g., hover unmasked, perform navigation).

The Segment Decision Rules Worksheets are developed using the Segment
Summary Worksheets. An example of a Segment Decision Rules Worksheet is shown
in Table 6. Segment Decision Rules Worksheets specify the exact sequence and time
for the performance of the functions during the segment. The worksheets specify the
start time and duration for each of the discrete fixed and continuous fixed functions.
During the execution of a segment, an operator may halt the performance of one func-
tion, perform another function to completion, then continue to perform the first function
from the point of interruption. This process is referred to as an interrupt. The segment
decision rules identify the functions that interrupt each of the discrete fixed and
continuous fixed functions.
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"The Segment Decision Rules Worksheets specify a start and finish time that
define the time window in which each of the discrete random functions occur. This
active period can span the entire segment or only part of it. The worksheets also
specify the number of times that each discrete random function is expected to occur
during the active period. For example, the discrete function of checking engine instru-
ments is performed randomly by the pilot approximately once every 180 seconds
during contour flight. In a segment consisting of takeoff (300 seconds), contour flight
(600 seconds), and landing (300 seconds), the active period for the random perfor-
mance would start at 300 seconds and finish at 900 seconds into the segment, and the
number of times that the function would be expected to be performed is 3. During
takeoff and landing, the same function is modeled as a discrete function.

Finally, the Segment Decision Rules Worksheets specify the pairs of functions
that may not be executed concurrently. These functions are referred to as function
clash pairs. If two functions clash, the execution of the second function is delayed until
the first function is finished. For example, a pilot cannot communicate with the copilot
and the tower at the same time. Thus, the functions "perform cockpit communications"
and "perform external communications" are a clash pair. Two functions that clash in
any segment, clash in every segment; therefore, the function clash pairs are specified
only once for the entire model.

The TOSS software provides data base management of the segment decision
rules developed during the construction of the model. Lists of the scheduling infor-
mation for all three types of functions that occur in segment decision rules are main-
tained by the system. It also maintains a list of function clash pairs. The lists can be
created, updated, and printed using the software.

The development of the function and segment decision rules completes the
construction of the model data base. The following section describes the simulation of
a model developed using the TAWL methodology.

Model Simulation

The third stage in the TAWL methodology is the model simulation. The specifi-
cation of segments, functions, tasks, function decision rules, segment decision rules,
and function clash pairs enables TOSS to simulate the crewmember tasks during each
segment of the mission. The following paragraphs describe the randomization, work-
load summation, and overload computation procedure used in the simulation. The
results of model simulation are also discussed.

Ranrlmization

During model construction, some of the tasks and functions are categorized as
random. During mode! simulation, TOSS can randomize two different aspects of the
random tasks and functions. First, the start times of the tasks and functions can be
generated randomly. Second, the number of times that the tasks and functions are
scheduled to occur can be random. When the number of times that the tasks and
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functions is randomized, the number of times they are performed during simulation
varies. They may not be performed at all or they may be performed as many as 1.5
times the expected frequency.

Workload Summation

TOSS estimates the crewmember workload imposed by concurrent tasks by
summing the workload ratings for individual workload components. For example,
during a specific half-second interval, the pilot performs the tasks: Control Attitude,
Check External Scene, and Transmit Communication. The cognitive workload for the
three tasks during that interval is 1.0, 1.0, and 5.3, respectively. Thus, the estimate of
cognitive workload for the pilot during that interval is 7.3.

Version 4.0 of the TOSS software allows further calculation using the compo-
nent workload estimates. The software can produce estimates of workload consisting
of the addition, subtraction, multiplication, division, or exponentiation of any of •he
defined workload components or numerical constants. The ability of the software to
generate general mathematical combinations of the workload components is useful.
For example, using a regression equation, TOSS can be used to predict other work-
load scales (e.g., subjective workload measures) from TAWL component workload
estimates (see Bierbaum & Hamilton, 1990a).

Overload Threshold

The TAWL methodology defines operator overload as the level of workload at
which operator performance begins to degrade. Using TOSS, any workload level can
be established as an overload 0'reshold. In the model developed for the AH-64A
attack helicopter analysis, tPe c. erload threshold was set at 8, because the verbal
anchor representing the hiý iest nit iible workload was assigned a magnitude of 7 on
the workload rating scales. - 9'.-fore, workload that sums to 8 or more is considered
to be an overload. The exaL overload threshold has yet to be identified through
experimentation.

The overload threshold is used to compute four metrics of overload for each
execution of the model: component overloads, overload conditions, overload density,
and subsystem overloads. Component overloads are the number of half-second
periods that a workload component exceeds the overload threshold. Overload condi-
tions are the number of variable-length periods when one or more component over-
loads occur. A new overload condition is counted whenever the tasks contributing to a
component overload change. Overload density is the percentage of time that an over-
load condition occurs within a mission segment. Finally, subsystem overloads are the
number of times that a subsystem is associated with a component overload.
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Simulation Results

The segment level of analysis is the highest level directly simulated by TOSS.
The software simulates one segment at a time. The methodology assumes that
phases and missions can be adequately simulated by the sequential analysis of their
constituent segments. The simulation of each segment of a workload prediction model
produces timeline and summary Wnformation.

The following timeline information Is generated for each crewmember in the
model:

"• a timeline of the segment annotated with the task and function names and the
current time,

"* estimates of component workload for each half-second of the segment,
"• indication of component overloads,
"* indication of the current total of overload conditions,
"* indication of the subsystems associated with all the tasks being performed

during each overload condition, and
"* indication of periods in which concurrent tasks have conflicting workload

specifiers.

The following summary information is generated for each crewmember in the
model:

"• the number of component overloads during the segment,
"* the number of overload conditions and the overload density during the

segment,
"• the average, peak, and standard deviation of each workload component

during the segment,
"• the subsystem overloads during the segment,
"• the amount of time each subsystem was utilized during the segment,
"* the average workload associated with each subsystem by component,
"• the subsystem impact (subsystem utilization time multiplied by average

workload) by workload component,
"• the number of times that the discrete random functions occurred during the

segment, and
"* the current setting of all model parameters (e.g., overload threshold,

randomization).

Analysts or SMEs may review the results to determine if the decision rules
produce a realistic simulation of the mission. Often, the original decision rules need to
be revised to generate a more realistic simulation. The development of a workload
prediction model is complete when the model produces a realistic simulation of all
mission segments.
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Summary

The TAWL methodology produces a model that predicts operator workload for
new or existing systems. The method relies on a comprehensive task analysis of a
system's Lypical mission to simulate each operator's acticns. The workload analysis
p, oduces estimates, by component, of the attentional demands of each task.

The methodology uses decision rules to specify the sequence of events in the
r•iission simulation. During simulation, the workload estimates for the tasks that the
operator is currently performing are summed separately for each component. Thus,
'he methodology represents each operator's workload for each half-second of the
mission, with a separate value for each of the workload components. The method-
ology identifies the component overloads, overcad conditions, overload density, and
the subsystems associated with overload.

Step-by-step instructions for using TOSS VERSION 4.0 in support of the TAWL
methodology are provided in the second part of the User's Guide.
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I• IOVERVIEW I

The TOSS Version 4.0 software was developed to support the Task Analysis/Workload
(TAWL) methodology. TOSS performs all of the data base management and model
simulation functions needed to use the methodology. The task data and the decision
rules are entered using the data entry routines of the software or are imported from
standard format dBASE iles. The conditions specified in the decision rules are imple-
mented to build functions from tasks and segments from functions. When provided with
this information, TOSS simulates the behavior of the crewmembers during the segment
and identifies all tasks performed by each crewmember during each half-second of the
segment. Totals are maintained for each workload component to identify the conditions
and density of operator workload for each segment.

TOSS can be used to manage more than one workload prediction model. This allows
for the comparison and analysis of several models at once. A user can create a data
base (enter, update, and print data), simulate, or change models from within the soft-
ware. The program is menu-driven with on-screen directions.

As well as being able to produce reports of the information that has been entered into a
model, TOSS can produce the following five forms of output describing the results of the
simulation of a mission segment:

"• Screen Output,
"* Simulation Listing Files,
"* Abbreviated Simulation Listing Files,
"* Numerical Data Files, and
"* Task Listing Files.

The output options are selected from the Model Simulation routine. Each option is
described in that section of this report, starting on page 67.

1 SYSTEM REQUIREMENTS

To use TOSS Version 4.0, the following hardware is either required or recommended:
* an IBM compatible computer and a keyboard (required),
* 640 Kb of memory (required),
* a hard disk drive (recommended), and
* a printer (recommended).
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INSTALLING TOSS VERSION 40 I

To install TOSS Version 4.0 on your hard drive, perform the following Gteps:

1. Place the TOSS diskette #1 into a floppy drive.

2. Type *[dnve]:INSTALL" where [drive) is the single letter name of the drive that
contains the TOSS diskette and press the [ENTER) key (e.g., A:INSTALL).

This command executes the INSTALL.EXE file. To execute the install pro-
gram on a monochrome system, type "/M" on the same line as the INSTALL
command. The program prompts for the drive containing the TOSS diskette.
Type the letter of the drive and press the [ENTER] key. The program prompts
for the destination drive. Type the letter of the destination drive (preferably a
hard drive) and press the (ENTER] key. The installation procedure can be
aborted at any time by pressing the [ESCI key. Follow the program instruc-
tions and insert the additional TOSS diskettes when prompted. The program
creates a \TOSS subdirectory on the destination drive and copies all neces-
sary files to that directory. To install TOSS on a subdirectory other than
\TOSS, type the subdirectory name as a parameter to the INSTALL command
(e.g., A:INSTALL MODEL).

The program then prompts: CONVERT VERSION 3 MODELS TO VERSION 4? If
you are a new TOSS user and don't have any models created under version
3.0 of the software, press the [N] key to end the installation procedure. If you
do have TOSS version 3.0 models that you would like to update to run under
version 4.0, press the [Y] key to execute the conversion program UPDATE.EXE
and follow the instructions listed in Appendix C to convert the models.

Installation of ross should be required only once.

GETTING STARTED .

To use TOSS for the development of a workload prediction model, execute the following

steps:

1. Type the DOS command "CD \TOSS" and press the [ENTER) key.

This command changes the current directory to the TOSS subdirectory. To
avoid issuing this command every time you run TOSS, place the TOSS sub-
directory on the DOS path as specified in the DOS manual.

2. Type "TOSS" at the DOS command line (or"TOSS/m" if you are working on a
monochrome system) and press the [ENTER] key. This command executes
TOSS and presents a brief introductory screen with the display of a helicopter

29



(TOSS was originally developed for rotary wing aircraft). The helicopter
display is followed by the Drive Selection window.

TOSS

TAWL Operator Shmudadon System

Drive Se1 de______

Enter (A-Z)

FM:. Exit Fl: TOSS Molp F2: TAWL Help

3. Enter the disk drive designation and press the [ENTER] key.
TOSS maintains workload models as sets of data files. Normally the data
files are kept on the same disk drive as the TOSS software, but you may
specify any disk drive (A-Z). The software defaults to the current disk drive. If
the data files are on the current drive, press the [ENTER] key. If the files are
on a different drive, enter the letter for the drive and press the [ENTER] key.

If there are no model data files on the disk, TOSS opens the New Model
window.

_ New model
Ent rphfornewyjode:

Eer new model nsme . .

SNo models were found for drive C:

Eso: Exit F1, F2: Help F10: Creote New Model

30



To create a new model, enter the name of the new model's subdirectory and
press the [ENTER] key. Enter the model name and press the [EN-ER] key.
Press the [F1O] key to create the new model; press the [ESC] key to abandon
the creation of the new model and return to the Drive Selection window. After
pressing the [F1 0] key, the Model Selection window opens.

TOSS
TAWL Operator Simulation System

_____.... ._ Model BlehUon

Choose Model

Model Directory

I I I NI

4. Select the desired model using the arrow keys and press the [ENTER] key.
TOSS can work with many different workload models on the same computer
system. The computer files that represent different models are maintained in
separate disk subdirectories. If the model data files are already loaded on the
computer, the model name will appear on the list of models. The subdirectory
that contains the selected model will appear at the bottom of the screen. The
display will scroll, if necessary.
Models can be inserted, deleted, stored, and restored from the Model
Selection window. For instructions in performing any of these procedures,
see the Model Selection section of this report, beginning on page 86.
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I GENERAL INTERFACE INSTRUCTIONS I

Knowing the principles of the TOSS user interface should prove useful in the manipu-
lation of the software. Prior to proceeding with the full description of the use of the
TOSS software, the general guidelines of the user interface are explained in the
following two paragraphs.

Many of the windows in the software contain user selectable options. When a window is
first displayed, one of the options is highlighted and other options can be designated
using the [ ], 1, ([-4], [--], (TAB], [SHIFT TAB], [PG UP], or [PG DNkeys. The highlighted
option can be chosen by pressing the [ENTER] key. For windows containing numbered
menus, the options can also be selected by pressing the corresponding number on the
computer keyboard without moving the highlighted area. All windows in the software
are terminated by pressing the [ESC] key.

There are two forms of context sensitive help available. For help concerning the
operation of the TOSS software, press the [Fl] key. For help concerning the TAWL
methodology, press the [F2] key.

I DEVELOPING THE MODEL I

After a model is selected, the Main Menu is displayed.

Example Woridoad Model

Main Menu

2: Task/Workload Analysis
3: Model Construction
4: Model Simulation
5: View/Print Output
6: Report Generation
7: Utliities
6: Model Selectlon

Eso- Exit I, T : Move Highlight 1-8, Enter: Select
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Table 7 presents a list of the Main Menu selections and the subordinate windows.

Table 7

Selectiono in Main Menu and Subordinate (Second Leve:) Windows

Main Menu (First Level) Subordinate Windows (Second Level)

1. Model Parameters Model Name
Crew Configuration
Workload Components
Workload Equation
Subsystem Groups
Random Function and Task Modes

2. Task/Workload Analysis Task Names
Task Subsystems
Task Workloads

3. Model Construction Function Decision Rules
Segment Decision Rules
Function Clash Pairs

4. Model Simulation Model Output Options/Segment Selection

5. View/Print Output Select, View, Print, Search Files

6. Report Generation Report Menu

7. Utilities Import/Export Data Files
Workload Conversion
Customize Colors

8. Model Selection Drive Selection/Model Selection
Insert, Delete, Backup, Restore a Model

There are three levels of windows in the TOSS software. The use of all three window
levels is described in the following sections of the use,"s guide. The description of each
window is formatted differently to indicate its level. Figure 3 displays the different
formats for the three levels.
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The text that describes the Main Menu Options in the first level window has the widest
margins and is in full block format.

SECOND LEVEL WINDOWS

The text that describes th9 second level windows has narrower margins.

THIRD LEVEL WINDOWS

The text that describes the third level windows has the narrowest
margins.

Figure 3. Text format for the descriptions of the three levels of windows in TOSS.

The first level window contains the Main Menu. The main menu options are described
in the following major sections, each beginning with a rectangular shaped symbol and
starting on a new page. The second level windows are indicated within the first level by
sections beginning with a diamond shaped symbol. The third level windows are
indicated within the second level by sections beginning with an oval shaped symbol.
For options appearing in numbered menus, the number of the corresponding computer
key appears inside the symbol.
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1MODEL PARAMETERS

TOSS uses a number of parameters to define the basic characteristics of a workload
prediction model. Those parameters are entered or modified in TOSS using the Model
Parameters window.

Press the [11 key on the Main Menu to open the Model Parameters window.

• '~ ~ Model parameters L I-

Model Name 0WPUEUBE
Crew Conflgura•on Workload Componnts

Workload Equaton

OW - Overal Workoad -0.00

Subsystem Groups

Random Function and Task Modes 1
Start Times: Randlon Number of Ocourrences: Random

The Model Parameters window has six different areas or blocks:

* Model Name,
* Crew Configuration,
• Workload Components,
* Workload Equation,
• Subsystem Groups, and
* Random Function and Task Modes.

These blocks are fully described in individual sections beginning on the next page.
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MODEL NAME

The Model Name block is highlighted where the present name for the model is
displayed. To change the name of the model, press the [ENTER] key.

- . . .mom P~a•. " "-

Craw CoIf uoWodoad Componerts

____________J ~ w~rroafjd tquatlon
____OW_-__overall Workload -0.00

Subsystem Groups

Random Function ind Took Modes
F tart 2:Ti s Random Number of O~ouewences: R a ndoom -

The Model Name window opens to allow a new model name to be entered. Enter
the new name and press the [ESC] key to save the changes or press the (ESC]
key to leave the model name unchanged.

The Model Name is used to identify the model during model selection and should
be unique. It is used in the page headings for all model simulation output and
reports.

36



CREW CONFIGURATION

Press the [-+I or [TAB] key to move the highlighted area to the Crew Configuration
block. Up to tour crewmembers may be entered in a model.

To add a crewmember, press the [INSERT] key.

Model Paramietws
Model Nam: Example Woddkod Predctim Model I

'r" C*MdonWoedoad 
Component

Crw Configuration

Crewmenmber Name:

Ene unique oh~araoti ood.

sa e Random Funcion and Task Modes

StartTimes: Random Number of Occurrences: Random

The Crew Configuration window opens. Press the single letter (A-Z) key to
designate the crewmember code. Then press the [ENTER] key.

Type the crewmember's name (up to F alphanumeric characters, no spaces) and
press the [ENTER] key. Press the [ESC] key to return to the Model Parameters
window.

The new crewmember now appears in the Crew Configuration block. Continue
this process until all crewmembers are entered.

To delete a crewmember, press the [ T I or [ ,I key to highlight the crewmember
and press the [DELETE] key.

To change a crewmember entered previously, highlight the crewmember using
the [ T ] or [ L ] key. Press the [ENTER) key and the Crew Configuration window
will display the current data. To move within the window to change the data,
press the [ENTER], [ TI or [.1. 1 key. To change the crewmember code, type the
new letter and press the [ENTER] key. To change the crewmember name, press
the [DELETE] key to erase the present name and enter the new name. Then
press the [ENTER] key.

Press the [ESC] key to return to the Model Parameters window.
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WORKLOAD COMPONENTS

Press the [-+] or [TAB] key to move the highlighted area to the Workload
Components block. Up to six workload components may be entered in a model.

To add a workload component, press the [INSERT] key and an empty Workload
Components window opens.

________________Model Paramnetes
Model Name: Example Workload Predictin odel

CrwCnfigurt io Workload ComnponentsI1. P - PILOT I2. C -COPLOT i
- Worldood Component

Componant.Abbr*vl :.atlo .

I ~overload 11r~emold 3O
.: :ffer Confic:t Pairs ..t

I Enter n abbrevletin (maxmum of 3S haroter'.)

Random Function and Task ode I
Star TImes: Random Number of Oocurrencss: Random

Type the component abbreviation (up to 3 letters) and press the [ENTER] key.

Type the component name (up to 12 alphanumeric characters) and press the
[ENTER) key.

The default overload threshold Is 8.0. To change the overload threshold, type the
desired number and press the [ENTER) key or press the [ENTER] key to leave the
overload threshold unchanged.

The cursor moves to the SPECIFIER prompt. If there are no specifiers for the
component, press the [ESC] key to save the information, close the window, and
return to the Model Parameters window.
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WORKLOAD COMPONENTS (CONTINUED)

To add further categorization to the workload components, enter the single letter
specifiers (e.g., an E and I for External and Internal visual components).

To delete a specifier entered in error, reenter the letter.

When all specifiers are entered, press the [ENTER) key. The cursor moves to the
SPECIFIER CONFLICT PAIRS prompt and the following instructions are displayed:
Ins: Append Del: Delete 4- -+: SELECT

To append a Specifier Conflict Pair, press the [INSERT] key and type the first
specifier followed by the second specifier.

To delete a conflict pair, highlight the pair using the [--] or [-4] key and press the
[DELETE] key.

Continue this process until all the conflict pairs have been entered, then press the
[ENTER] key. Press the [ESC] key to save the information, close the window, and
return to the Model Parameters window.

The new workload component now appears in the Workload Components block.
Continue the procedure until all the workload components are entered.

To delete a workload component and all its associated data, press the [1" or [,.]
key to highlight the workload component and press the [DELETE] key.

To edit a workload component already entered, press the [ I or [ 4.] key to
highlight the component. Press the [ENTER] key and the Workload Component
window is displayed. Press the [ENTER], [ T ] or [ I ] key to highlight the data
and follow the procedures described above to enter new information. Press the
[ESC] key to save the changes and return to the Model Parameters window.
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WORKLOAD EQUATION

Press the [-+], ( 11. J, or [TAB] key to move to the Workload Equation block. The
workload equation can be used to combine workload components to generate
another workload prediction. If no prediction of combined workload is required,
this option can be ignored.

To Insert a workload equation, press the [ENTER] key and the Workload Equation
window opens.

Modds Paramretn
Model Name: Example Worldoad Predicion Model

Crow Conifiguration 11Workload Components
1. P -PILOT 1. COG - Coorve -8.00
2. p COPILOT 2. PSY - Psychomotor - 8.00
2 C , 3. VIS - Visual - 8-00 lEfl

Workload Equation
OW. Ovrali Workload 0.00

Workload Equation

Name iAverage Woricload

Eqaio (COG4.PSY+VIS)I8.O
Ovesdoad'Threahold i S.00:

Random Function and Task Modes 1
Star Times: Random Number of Ocurrenrces: Random

Type the abbreviation (up to 3 letters) for the workload equation and press the
[ENTER] key. Type the name (up to 12 alphanumeric characters) of the workload
equation and press the [ENTER) key.

Enter the workload equation and press the [ENTER] key. The equation may con-
tain reference to any of the previously defined workload components, numerical
constants, parentheses, or any of the following mathematical operators: addition
(+), subtraction (-), multiplication (-), division (/), or exponentiation (A). To refer-
ence a workload component, use the three letter abbreviation of the component
in the equation. When editing the equation, the [INSERT] key toggles between
insert mode and overwrite mode, the [DELETE] key deletes the character at the
cursor, the [BACKSPACE] key deletes the character to the left of the cursor, the
[HOME] key moves the cursor to the beginning of the equation, the [END] key
moves the cursor to the end of the equation, and the [--] and [-+] keys move the
cursor left or right one space.
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WORKLOAD EQUATION (CONTINUED)

When the equation is complete, press the [ENTER] key. If TOSS can interpret the
equation, the highlighted area will move to the OVERLOAD THRESHOLD prompt. If
TOSS cannot Interpret the equation, the bell will sound, a diagnostic error
message will be displayed, and the cursor will return to the workload equation.
Correct the equation using the appropriate editing keys[INSERT], [DELETE],
[BACKSPACE), [HOME], [END], [--], [--+]. Then press the [ENTER] key.

Type the desired overload threshold and press the [ENTER] key or press the
[ENTER] key to leave the overload threshold unchanged.

To edit any of the data already entered, press the [ENTER], [T ], or [ I ] key to
highlight the data and follow the procedures described above.

Press the ,ESC] key to return to the Model Parameters window. The new work-
load equation will appear in the Workload Equation block.
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SUBSYSTEM GROUPS

Press the [-41 or [TAB] key to move the highlighted area to the Subsystem Groups
block. Up to 7 subsystem groups with up to 10 subsystems in each subsystem
group may be entered in the model.

To add a new group of subsystems, press the [INSERT] key and the Subsystem
Group window opens.

Model Paramewts
Model Name: Example Wc Subsystem Group l
Ce C onfiguratio Co .do i~ i•i

2. C -PILOT J Name Flight Controls2. C -COPILOT E•,bY ~u•______________I Enter a subsystem group code,
woMxoaa bquaon

AVG - Average Woroad - 8.00

SLbsystsm Group.

Stan Times: Random Number of OcTurrenoes: Random

Enter the single letter designator for the subsystem group, then press the [ENTER]
key. Enter the name (up to 30 alphanumeric characters) and press the [ESC] key.
The Subsystems window now opens.
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SUBSYSTEM GROUPS (CONTINUED)

MOW~ ParmnW s
MailNam: Examiple WaSubysim Group

iP -PILOT NF . FInt ::al .C -COPILOT I1, _1 __,_- _______ _ II_ I

I. ThrottleI

Randor SA W a 6ode (mnudmum o S mai -.tu ): 1
Stail Times: Rain'dom' umour at vonw'ovu: -anmoom

To add a new subsystem, press the [INSERT] key. Type a subsystem code (up to
3 letters) and press the [ENTER] key. Type the subsystem name (up to 30 alpha-
numeric characters) and press the [ENTER] key.

Continue this process until all subsystem codes and names are entered for the
subsystem group. Press the [ESC] key to return to the Model Parameters
window.

The new subsystem group will now appear in the Subsystem Groups block.
Continue this process until all subsystem groups and subsystems are entered.

To delete an entry to the list, press the [ T I or [ I key to highlight the name of
the desired subsyctem group. To delete the complete subsystem group, press
the [DELETEjkey. To delete a subsystem of the group, press the [ENTER] key to
display the ubsystem Group window, the [ESC] key to display the Subsystem
window, and the [ 1 ] key until the subsystem is highlighted. Then press the
[DELETE] key. Press the [ESC] key to return to the Model Parameters window.

To edit an entry on the list, press the [ T or ,L] key to highlight the subsystem
group. Press the [ENTER] key to display the Subsystem Group window. Use the
[ENTER] or [ I ] key to highlight the field and type the correct data. Then press
the [ENTERJ key. Press the [ENTER] key to leave any entry unchanged. Press the
[ESC] key to display the Subsystems window and use this same procedure to
change subsystem information.

When all editing of subsystem data is complete, press the [ESC] key to return to
the Model Parameters window.
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RANDOM FUNCTION AND TASK MODES

Press the [-.] or [TAB] key to move to the Random Function and Task Modes
block.

TOSS simulates tasks and functions that are categorized as random In two ways.
First, TOSS randomizes or fixes the start times for random functions and tasks.
Second, it randomizes or fixes the number of times they occur. The default mode
for both of these options is RANDOM.

To change the mode of the start times for random functions and tasks, highlight
the start time option and press the [ENTER] key. When the start times option is
RANDOM, a new set of start times is generated each time the model is executed.
When the start time option is FIXED, the same random set of start times is used
during each simulation.

Model Parameters
Model Name: Example Workload Prediction Modl

Crew Configuration Workload Components
1. P -PILOT 1. c Conitive -8.00
2. C - COPILOT 2. PSY - Psychomolor - 8.00

3. VIS - Visual - 8.00 [Ell

Workload Equation
AVE - Overall Workload -8.00

Subsystem Groups

1. F - Flight Controls (FT. FC, FCO)

Random Function and Task Modes
StartTimnes: Number of Occurrenoes: Random

To change the mode of the number of occurrences of random functions and
tasks, highlight the occurrences option and press the [ENTER] key. When the
occurrences option is RANDOM, the number of times that the random functions
and tasks occur varies from 0 to 1.5 times the number specified in the decision
rules. When the occurrences option is FIXED, the number does not vary from the
number in the decision rules. The occurrences option automatically changes to
fixed when the Start Time option is FIXED.

Setting the random function and task modes completes the specification of the
model parameters. The [*-], or [-ý], [TAB], or [SHIFT TAB] keys can be used to
highlight different parts of the Model Parameters window if additional changes are
required. Press the [ESC] key to return to the Main Menu. The prompt SAVE
CHANGES TO MODEL PARAMETERS? is displayed. To save the changes, press the
[Y], key, followed by the [ENTER] key. To erase the changes, press the [N] key,
olowed by the [ENTER] key.
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After the mission task analysis is complete, use the Task/Workload Analysis routine to
enter the task data obtained from the analysis.

Press the [2] key on the Main Menu to open the Task/Workload Analysis window.

Example Worldoad Prodicon Model
Task Names'•

Task Subsystems Task Workloads1 ..... o2 COG PSY vis

Task U -

The Task/Workload Analysis routine has three different windows:

"• Task Names,
"* Task Subsystems, and
"* Task Workloads.

These windows are fully described in individual sections beginning on the next page.
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TASK NAMES

Press the [ENTER] key to enter the name of the first task in the model. The Task
Name window opens with a prompt for the task name.

Example Workload Predicton Model

. lTak Names

~~Usk Name

Task Sub~siysma9 Task Workldods
1 2 3 COo PSY VIS

1 000 0.00 0.00

Enter the task name (up to 66 alphanumeric characters) and press the [ESC] key
to save the name and open the Task Subsystems window.
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TASK SUBSYSTEMS

The subsystems the crewmember uses to accomplish a task are entered In the
Task Subsystem window.

Example Workload Predction Model

____ ____ ____ ____Task Names_ _ _ _ _ _ _ _ _ _

Took Subsystems

Enter Subsystemn 1

Task Subsystems Task Workloads
1 2 3 COG PSY VIS

Space is available for up to three subsystem codes for each task. Enter each
subsystem code associated with the task and press the [ENTER] key.

The subsystem code entered must be listed in the Model Parameters subsystem
list or the program displays the message "??? IS NOT A SUBSYSTEM CODE."

Press the [ESC] key when all the task subsystems are entered to open the Task
Workloads window.
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TASK WORKLOADS

Workload ratings can be entered for each of the components previously defined
in the Workload Components window of the Model Parameters. If the equal-
interval scales shown in Appendix B are being used, pressing the TAWL HELP
key [F2] will display the scale of the workload component being entered.

Example Woddoed Pmficton Model

Task Names

SWo rk" "d

Task Subsystems Task Workloads

1 2 3 COG PSY VIS
1: 0.00 0.00 0.00

For workload components that do not have specifiers, enter the workload rating
for the highlighted component and press the [ENTER] key to move to the next
component.

For workload components that do have specifiers, enter the workload rating for
the highlighted comr.onent and press the [ENTER] key to move to the specifier
field. TOSS displays the currently definad specifiers for that component at the
bottom of the window. Enter the single letter specifier and press the (ENTER] key
to move to the next component.

If no workload is associated with a component, press the [ENTER] key to move to
the next component.
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TASK WORKLOADS (CONTINUED)

Continue entering the workload ratings for all components of the task. Press the
[ESCI key to return to the Task/Workload Analysis window. The SAVE THE
CHANGES TO TASK #1? prompt is displayed. Press the [Y] key, followed by the
[ENTER) key, to save the data entered. Press the [NJ key, followed by the(ENTER]
Key, to erase the data entered.

To add tasks, press the [INSERT] key and follow the procedures given above.

The highlighted area in the Task Name window can be moved one line at a time,
one page at a time, or to the beginning or end of the list using the [ T ], [ ,I), [PG
UP], [PG DNJ, [HOME], and [END] keys, respectively. Alternatively, to move directly
to a particular task, type the task number and press the [ENTER] key.

To delete a task, move the highlighted area to the task and press the [DELETE)
key The task number continues to be displayed, but all data for the task isdeleted.

To edit data already entered, hlghli.-.,M the task and press the [ENTER] key. The
procedure for editing is the same es entering new tasks. To leave the data in any
window unchanged, press the [ESC] key.

When all tasks and the associated data are entered, press the [ESC] key to return
to the Main Menu.
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M3 MODE ,CONSTRUCTION

The model is a description of the sequencing and Interactions of crewmembers'
activities. It is constructed by entering decision rules that describe how the tasks and
functions will be combined during the simulation of a segment. The order that the tasks
or functions are entered into the decision rules does not determine the order that they
will be simulated. Only the information in the decision rules (i.e., start and duration) is
used in scheduling.

Press the [3] key on the Main Menu to execute the Model Construction routine. This
displays the Model Construction Menu.

Example Workload Predicoon Model

Uodel Conauttion Menu

2: Segment Decsieon Rules
3: Function Clash Paw

Ego: Exit 1 1 : hove Highlight 14, Enter: Selclt

The Model Construction routine has three different windows:

"* Function Decision Rules,
"* Segment Decision Rules, and
"* Function Clash Pairs.

These windows are fully described In individua: sections beginning on the next page.
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FUNCTION DECISION RULES

Press the[l] key In the Model Construction Menu to enter or edit the Function

Decision Rules. This opens the Function Decision Rules window.

The Function Decision Rules routine has five different windows:

* Function Name,
• Discrete Fixed Tasks,
* Discrete Random Tasks,
* Continuous Random Tasks, and
* Continuous Fixed Tasks.

These windows are fully described in individual sections that follow.

FUNCTION NAME

Press the [ENTER] key to enter the name of the first function. The Function
Name window opens with a prompt for the function name.

Example Woeldoe Prdiodou Mode

Enter the function name (up to 66 alphanumeric characters)and press the
[Esc] key to save the name and close the window. The highlighted area

moves to the Discrete Fixed column. To insert a task, use the [4-] or [-,
key to move the highlighted area to the type of task (i.e., Discrete Ran-
dom, Continuous Random, Continuous Fixed) and press the [INSERT] key.
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DISCRETE FIXED TASKS

To Insert a discrete fixed task into the function decision rule, press the
ý[INSERT] key when the Discrete Fixed column is highlighted and the

iscrete Fixed Task window opens.

Ewnpoe Woddoed Pmed:oin Model
• Funsaton Narme

Tfaks

Discrete Fixed Tasks

The highlighted area is located under the TASK column in the window.
Type the task number and press the [ENTER] key. The highlighted area
moves to the CREW column and the valid code(s) for crewmember(s)
entered in the Model Parameters is displayed at the bottom of the window.

Type the crewmember code and press the [ENTER] key to move to the
START column.

The start time for a task within a function can be expressed in two ways:
either as the absolute number of seconds from the start of the function or
as the completion of a preceding task.

To indicate that a task is to begin 10 seconds from the beginning of a
function, enter 10.0 and press the [ENTER] key to move to the DURATION
column.

To indicate that a task is to begin after task number 5, enter a -5 and press
the [ENTER] key to move to the DURATION column.

Enter the task duration in seconds and press the [ENTER] key. The high-
lighted area returns to the TASK column. To save the task information and
close the window, press the [ESC] key.

To enter another task, press the [INSERT] key and follow the procedures
given above. Continue this process until all discrete fixed tasks are
entered.
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DISCRETE RANDOM TASKS

Press the [-.] key and the highlighted area moves to the Discrete Random
column.

To insert a discrete random task Into the function decision rule, press the
[INSERT] key and the Discrete Random Task column opens.

Example Woddoad Piedclion Moladel
Fursedon Namess

"'-T--k--- ura.on.Om-...Strt--R.---n.n,-

D• w Rwxdm Tasks

Enter the task number in the TASK column and press the [ENTER) key to
move to the DURATION column. Enter the task duration in aeconds and
press the [ENTER] key to move to the CREW column. Enter the code of the
crewmember who performs the task and press the [ENTER] key to move to
the START column. Enter the time the task may start to occur during the
function and press the [ENTER) key to move to the FINISH column. Enter
the end of the time the task may occur during the function. Use the code
-0.5 to indicate that the task may occur until the function ends. Press the
[ENTER) key to move to the TIMES column. Enter the number of times the
random task is expected to occur between the START and the FINISH time
and press the [ENTER] key.

To save the information, close the window, return to the Discrete Random
column, and press the [ESC] key.

Continue the above process until all discrete random tasks are entered.
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CONTINUOUS RANDOM TASKS

Random column. To insert a continuous random task set into the function
decision rule, press the [INSERT] key and the Continuous Random Task
window opens.

Tasks from the continuous random task set are constantly being selected
during the active period defined by the start and finish fields. Type the first
task number under T1 and press the [ENTER] key to move to the duration
column (D1). Type the duration of the task and press the [ENTER] key.

The highlighted area moves to the CREW column. Type the crewmember
code and press the [ENTER] key to move to the START column. Type the
start time and press the [ENTER] key to move to the FINISH column. Type
the finish time and press the [ENTER] key. This completes entry of the first
task.

Example Woddod Predictin Im d
_________ ________Function Namnes _ _ _ _ _ _ _ _ _

1: Example funotion "na

TI:DI TID2_ T3:03 T4:04 TLD02. T303, T7:07.. r•w---aS--fl-lah

P 0.0': ~O L LO' ll '
-Enter Taok Number I

Continuous Random Tasks

To enter a second "ask, press the [INSERT] key. The highlighted area
moves under tha second task column (T2). Type the task number and
press the [ENTER] key to move to the duration column (D2). Type the
duration for the second task and press the [ENTER] key. The highlighted
area moves to the crew column again; however, it is not necessary to
reenter the crew, start, and finish data. Press the (INSERT] key to enter
other tasks in the set.

Continue this process until all tasks in the continuous random set are
entered and press the [ESC] key to close the window and return to the
Continuous Random column.
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CONTINUOUS FIXED TASKS

Press the l'--1 key and the highlighted area moves to the Continuous Fixed
column.To insert continuous fixed tasks into the function decision rule,
press the [INSERT] key and the Continuous Fixed Task window opens.

The procedure for entering the Continuous Fixed tasks is the same as for
entering the Discrete Fixed tasks.

Example Waftsed Piedclon MadM
I r•____________�. ___ - Funtime on Na•m• s Rando______ F'___

Teak- --- r------- ew Stars--------0unhn I
Inte Task Wnumbw

Tasks
Dmsbi Dimas Pandom .Cwfiujwu admCuws

Confnuos Fined Ta~ss

Type the task number in the TASK column and press the [ENTER] key to
move to the CREW column. Type the crewmember code and press the
[ENTER] key to move to the START column. Type the start time and press
the [ENTER] key to move to the DURATION column. Type the duration time
and press the [ENTER) key to return to the TASK column.

Press the [ESCI key when the task data entry is complete to save the data
and close the Continuous Fixed Task window. To enter another task,
press the [INSERT] key and follow the procedures given above.

When all tasks are entered Into the function decision rule, press the [ESC]
key to save the data and return to the Function Names window. The SAVE
THE CHANGES TO FUNCTION #1? Y prompt is displayed. Press the [Y] or
IN] key that is appropriate, followed by the [ENTER] key.

To enter additional functions from the Function Names window, press the
(INSERT] key and follow the procedures for entering the first function. To
edit the function previously entered, highlight the function name and press
the [ENTER] k3y.

After all function decision rules are entered and edited, press the [ESC] key
to return to the Model Construction Menu.
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SEGMENT DECISION RULES

Press the [2) key on the Model Construction Menu to enter or edit the Segment
Decision Rules. This opens the Segment Decision Rules window.

The Segment Decision Rules routine has four different windows:

"• Segment Name,
"* Discrete Fixed Functions,
"* Discrete Random Functions, and
"* Continuous Fixed Functions.

These windows are fully described in individual sections that follow.

SEGMENT NAME

Press the [ENTER] key to enter the name of the first segment. The
Segment Name window is displayed with a prompt for the segment name.

Enter the segment name (up to 66 alphanumeric characters) and press the
[ESC] key to save the name and close the window. The highlighted area
moves to the Discrete Fixed column. To insert a function, use the [4-j or
[L-. key to move the highlighted area to the type of function (i.e., Discrete
Fixed, Discrete Random, or Continuous Fixed) and press the [INSERT] key.

Example Workoed Prediclion Model

Sogmenf Names

Functons
FDtlle 

Fix FDiscrete 
Random

1 F on lruous 
Fixed:
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"4

DISCRETE FIXED FUNCTIONS

To Insert a discrete fixed function into the segment decision rule, press the
[INSERT] key when the Discrete Fixed column is highlighted and the Dis-
crete Fixed Function window opens.

Examse Workload Puigoon Model

Discrete Fixed Funlions

Type the function number In the FUNCTION column and press the [ENTER]
key to move to the START column.

The start time for a function within a segment can be expressed in two
ways: as the absolute number of seconds from the start #' 'he segment or
as the completion of a preceding function.

To indicate that a function is to begin 30.0 seconds from the be inning of a
segment, enter 30.0 and press the [ENTER) key to move to the DURATION
column.

To indicate that a function is to begin after function number 10 ends, enter
a -10 and press the [ENTER] key to move to the DURATION column.

Enter the function duration in seconds and press the [ENTER] key. The
prompt moves below the INTERRUPT prompt.
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DISCRETE FIXED FUNCTIONS (CONTINUED)

During a mission segment, a crewmember may halt the performance of
one function, perform another to completion, then continue to perform the
first function from the point of interruption. TOSS models these situations
using interrupts. When any of the functions in the interrupt list are sched-
uled duringthe simulation of the current function, TOSS will, after the com-
pletion of the discrete tasks being performed, interrupt the current function.
If there is a random function that interrupts this function, enter the interrupt
function number at the INTERRUPT prompt and press the [ENTER] key. Up
to 12 function numbers may be entered in the interrupt list. If all random
functions interrupt the current function, indicate this by entering the code
9999 in the interrupt list. If no functions interrupt the discrete fixed
function, press the [ENTER) key.

The highlighted area will return to the FUNCTION column. To save the
function information and close the window, press the [ESC] key.

To enter another function, press the [INSERT) key and follow the proce-
dures given above. Continue this process until all discrete fixed functions
are entered.

When all entries that describe the discrete fixed functions are entered,
press the [ESC] key to return to the Discrete Fixed column.
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DISCRETE RANDOM FUNCTIONS

Press thei[-] key to move the highlighted area to the Discrete Random
column. To insert a discrete random function in the segment decision rule,
press the [INSERT] key and the Discrete Random Function window opens.

Either one or two random functions can be entered in the Discrete Ran-
dom Function window. If one function is entered, the program will select
that function every time the function is scheduled for execution. If two
functions are entered, the program will randomly select one of the func-
tions each time the discrete random pair is scheduled for execution.

Example Woddoed Prediction Model
Segment Names -

•-F:1-..---F2:D2-Sta•-• Finish- Times-
o 0 0 0.0 0.0

, Enter Function I

0:

Discrete Random Functions

After pressing the [INSERT] key, the highlighted area will move to the F1
column. Enter the function number and press the [ENTER] key to move to
the Dl column. Enter the length of time in seconds that the function will
be performed when selected during the segment and press the [ENTER]
key to move to the F2 column. The procedure for entering the second
function is the same as the procedure for entering the first function.

To enter only one function, press the [ENTER] key at the F2 column. The
highlighted area moves to the START column.

The start time that the random function may occur within the segment can
be expressed in two ways: as the absolute number of seconds from the
start of the segment or as the completion of a preceding function.

To Indicate that the start time when the function may occur is 30.0
seconds from the beginning of a segment, enter 30.0 and press the
[ENTER] key to move to the FINISH column.
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DISCRETE RANDOM FUNCTIONS (CONTINUED)

To indicate that the start time when the function may occur is after function
number 10 ends, enter a -10 and pr6.,s the [ENTER] key to move to the
FINISH column.

Enter the end of the time the function may occur during the segment. To
extend the finish time to the end of the segment, enter the code -0.5.
Press the [ENTER] key to move to the TIMES column. Enter the number of
times the random function is expected to occur between the START and
the FINISH time and press the [ENTER] key.

The highlighted area moves below the INTERRUPT prompt. Enter the
function numbers that interrupt the current function during simulation and
press the [ENTER] key.

To save the information and return to the DISCRETE RANDOM column,
press the [ESC] key. Press the [INSERT] key to enter additional discrete
random functions and follow the procedures given above. The current limit
on the number of discrete random functions in a segment decision rule is
10.

Continue the above process until all discrete random functions are
entered.
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CONTINUOUS FIXED FUNCTIONS

Press the [-4] key to move the highlighted area to the Continuous Fixed
column. To insert a continuous fixed function into the segment decision
rule, press the [INSERT] key. The Continuous Fixed Function window
opens. The procedure for entering the continuous fixed functions is the
sam, as the procedure for entering the discrete fixed functions.

Exmple Woa•led Piedction Model

---- rumotm flatdDurallon----
[i : 0.0 0.0[] " 0.0 0.0

•..-Intwrupte

: :Ener Function Numbr

O: O:

Continuous Fixed Functions

Enter the function number in the FUNCTION column and press the [ENTER]
key to move to the START column. Enter the start time and press the
[ENTER] key to move to the DURATION column. Enter the duration and
press the [ENTER] key to move to the INTERRUPTS. Enter the interruptfunctions and press the [ENTER] key. See the section above on Discrete
Random Functions for a description of all applicable codes.

To insert another function, press the [INSERT] key and continue as
instructed above. After all continuous fixed functions are entered, press
the (ESC] key to return to the Continuous Fixed column.

When all functions of all types are entered in the segment decision rule,
press the (ESC] key to save the data and return to the Segment Names
window. The SAVE THE CHANGES TO SEGMENT #1? Y prompt is displayed.
Press the [YJ or [N] key that is appropriate, followed by the [ENTER] key.

To enter additional segments from the Segment Names window, press the
[INSERT] key and follow the procedures for entering the first segment. To
edit the segment data previously entered, the procedure is the same as
entering the data except the [ENTER) key is used to open the different
windows after highlighting the data.

After all segment decision rules are entered and edited, press the [ESC]
key to return to the Model Construction Menu.

61



FUNCTION CLASH PAIRS

Press the (31 key on the Model Construction Menu to enter or edit the Clash Pair
file. This wiA open the Clash Pairs window.

To insert a Function Clash Pair, press the [INSERT] key. This will open the Insert
Clash Pairs window.

Example Workload Prediction Model

cl&As Pairs

Insert Ciaoh Pto______

Funti711

Press F1 for help

Enter the first function of the function clash pair and press the (ENTER] key to
move to the FUNCTION 2: prompt. Enter the second function and press the
(ENTER] key to return to the FUNCTION 1: prompt. To save the clash pair and
return to the Clash Pairs window, press the [Esc] key.

Continue this procedure until all clash pairs are entered. To delete a pair, high-
light the pair using the [T ] or (4I.] key and press the [DELETE] key. To delete the

pai, pessthe (Y] and (ENTER) keys in response to the prompt DELETE PAIR #1 ?
V.-Prssthe [N] and (ENTER] keys to cancel the de~ete.

To locate a clash p air in the list, press the [F61 key. The Locate Clash Pair
window opens. The Locate Clash Pair window is similar to the Insert Clash Pair
window. E nter the first function number at the FUNCTION 1: prompt and press the
[ENTER] key to move to the FUNCTION 2: prompt. Enter the second function
number and press the [ENTER] key. The window closes and the requested pair is
highlighted on the list. If the pair is not in the list, the message FUNCTION CLASH
PAIR NOT FOUND flashes on the bottom of the window.
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FUNCTION CLASH PAIRS (CONTINUED)

To obtain a list of the functions that clash with a particular function, press the [FS]
key. The Clash List window opens.

Example Workload Prediction Model

C laslh Pairs 11 0 8ir

Clash 'Jot
Function:

U Press Ft for help

Enter the function number at the FUNCTION: prompt and press the [ENTER] key.
The window changes and displays all functions that clash with the function that
was entered. Press any key to return to the Clash Pairs window.

When all clash pairs have been entered, press the [ESC] key to return to the
Model Construction Menu.

When all decision rules, md clash pairs are entered and edited, press the [ESCI
key to return to the Main Menu.
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4 MODEL SIMULATION

After constructing and entering a complete model, each of the segments can be
simulattd. The algorithm used during simulation is described in detail in the logic flow
diagrams presented in Appendix D.

Press the [4] key on the Main Menu to execute the Model Simulation routine. This
displays the Model Output Options Menu.

Example Wo'oad Predicfton Mocki

Model Output Options

2: Abbreviated Simulation Lsting
3: Numerical Data File
4: Toek Usting

F1: Help Eec: Exit Fl0: Eeoutle 4. t: Move Highlight 1-4, Enter: Select

The output options are described in the following sections that begin with a diamond
shape. Also, examples of each are presented in Appendix E. Determine the desired
output and press the number key beside the appropriate option. This displays the Page
Size window and the default page size for the output option. To change the number of
lines on each page of the output, enter the new page size and press the [ENTER] key.
To use the current page size and close the Page Size window, press the [ENTER] or
[ESC] key. A right triangle appears beside the number, indicating the option is selected.
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Example Workload Prediction Model

2: t l Abbreiasted Sirmutfain Ijeting

4.: Task Lssft

P1: Hep Esc: Exit PIC. Execute L f- Move Highlight 1.4, Snter: seet O

To turn off the option, press the number key next to the right triangle. Multiple options
can be selected to create more than one type output file when the segment is simulated.
After selecting the desired option(s), press the [F1l0] key to open the Segment Names
window.

ExampleWokodpeitoMdl
ement Namnes

5: TakeoffPNIV
4: Contour Flight
8: Contour Flight ("Val

SCentour Flight (Threat)
7:Contour Flight (Threat va

3: Contour Plight (Mission Change)
9: Contour Flight (Mission Change) INVO)

10. Approach
11: Approach. (NVaj
1I La Lnding
12: Landing (NVGj
14: $*fora Takeoff (Internul Lied)

, 16II Bofors Takeoff (Exernal Load)

Segment 91b I
Eeo: Exit FS: Forward Seaorch FIO: Execute 1434, Enter: Select

To select a segment for simulation, press the [T I or I I~ I key to highlight the desired
segment and press the [ENTERI key or enter the number by th e SEGMENT # 0 prompt
and press the [ENTER] ke .A night triangle indicating a selected status is displayed next
to the segment number. ý-o deselect a segment, highlight it and press the [ENTER] key.

If more than one segment is to be executed, press the [ TI or [4I4 key and follow the
procedure above until all desired segments are selected. Press t he [F3] key to select all
segments or the [1F41 key to deselect all segments. Press the [F1 0] key and te selected
segments are simulated.
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& TdooffIN*

&*WN FltUVight (ThPreit)-
?t Cectw Pilot(leanhm)

12lAnding 4M

Is: kiefre Takewf (Finernal Laid)

LE40: exit FS: Forward Swab MO6: Execute 144. Enter. Select

For all output options, the Model Simulation window is displayed. The file(s) being
created is listed in the Output Options block.

Ezample Woridoad Prediction Model

Segmnt Buoe'eTakoff(Assembl Area)
PILOLO

Ovorlw 0Overload: 0
MEAN PEAK CO MEAN PEAK CO

Aud 0.00 0.00 0 0.00 0.00 0
Kin 0.00 0.00 0 0.00 0.00 0
Vis 0.00 0.00 0 0.00 0.00 0
NV 0.00 0.00 0 0.00 0.00 0
coo 0.00 0.00 0 0.00 0.00 0
Pay 0.00 0.00 0 0.00 0.00 0
OW 0.00 0.00 0 1 0.00 0.00 01

Oupu~pios:Abbreviated Output Fie ueical ~Data File

I t ns NO PAUSE
Esc: quit, F9: toggle pause feature-wl

A summary screen is displayed throughout the segment run. The screen displays the
same information for all output options.

If any of the decision rules refer to a crewmember who is not currently defined in the
model, the following message is displayed on the screen: WARNING: TASK IN
DECISION RULE HAS IN VALID CREWMEMBER. This is an advisory message and will not
interrupt the segment simulation.

When the segment run is completed, the overload density is displayed for the segment
and the SEGMENT COMPLETED ... PRESS A KEY: prompt Is displayed. Press any key to
return to the Segment Selection window.
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The subsections that follow describe each of the types of output that can be generated

by TOSS.

SCREEN OUTPUT

If no output options are selected, the simulation is performed without creating an
output file. This is the fastest method of simulation. TOSS runs the model and
displays thq results only on the screen. The screen displays the segment time,
the actual time to run the segment, the number of overload conditions and the
overload density for each crewmember, the average workload by component, the
peak workload by component, and the number of component overloads. To
obtain a printout of the screen, uso tho [PRINT SCREEN] key to send a copy of the
screen to the print.er (see page E-2 ot Appendix E).

SIMULATION LISTING

The Simulation Usting output lists each crewmember's current functions and the
tasks within those functions for half-second periods along the mission timeline
(see pages E-3 through E-5). This option produces a computer file in the model
directory named SIM####.LST, where #### is replaced with the segment number
preceded by zeros. For example, the output file for Segment 1 is SIM0001.LST.
Task workload is printed for each task and the current workload total is printed for
each crewmember. When a new overload condition occurs for a crewmember,
the previous overload count is incremented by one and the current count of over-
load conditions is printed at the right of the page. The task subsystems for the
overloaded crewmember are printed below the total line. TRANSITION is printed
for the task when a crewmember makes a transition from one task to another
task. STANDBY is printed in place of a function when a crewmember is not
performing a function. If there is a component conflict (e.g., two tasks require the
same hand), a star is printed next to the component total. The last half-second
period in the segment timeline does not list a function or task and indicates the
end of the segment.

The last several pages of the Simulation Listing output file present summary
information. The first summary page (see page E-6) lists the state the model was
in when the segment was simulated. It lists the currently defined workload
components and thresholds and the current workload equation and threshold. It
also lists the current state of the randomization parameters.

The second summary page (see page E-7) describes the workload experienced
by each crewmember dunng the segment. The component workload statistics
and the overload density are listed for each crewmember.
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SIMULATION LISTING (CONTINUED)

The following summary pages, one page for each crewmember (see pages E-8
and E-9), describe the results of the simulation with respect to the subsystems.
For each subsystem, the report lists the number of overload conditions asso-
ciated with that subsystem and the percentage of segment time that the sub-
system was used by the crewmember. The report also lists the mean component
workload that the crewmember experienced while using the subsystem and the
subsystem impact (SI = % utilization times mean workload).

The final summary page (see page E-10) lists the results from the simulation of
random functions in five columns. The function number is listed in the first
column. The user defined TIMES field from the segment decision rule is listed in
the second column. The TIMES field contains the mean number of times the
function is expected to occur. The third column lists the maximum number of
times the random function could have occurred during simulation. This ceiling is
calculated by multiplying the expected number of occurrences by 1.5. The lower
limit of occurrence is set at zero. The fourth column is the number of times the
random function actually occurred during simulation. The final column lists the
additional number of times the function could have occurred before reaching the
ceiling.

ABBREVIATED SIMULATION LISTING

The Abbreviated Simulation Listing output is similar to the Simulation Listin
output except that it prints fewer half-second periods. For example, the Abgre-
viated Simulation Listing does not print a representation when a new continuous
random task is selected. A new point on the timeline is printed only if a discrete
fixed or a discrete random task changes, or if a new continuous random task
creates an overload condition. This option produces a computer file in the model
directory named ABS####.LST.

NUMERICAL DATA FILE

The Numerical Data Files output (see page E-1 1) enables further analyses of the
model output (e.g., statistical analysis or graphing). This option produces sepa-
rate computer files in the model directory for each of the crewmembers defined in
the model by combining the single letter crewmember code and WL####.LST.
For example, if the currently defined crewmember codes in the model are P and
C, then this option would produce the files PWL####.LST and CWL####.LST.
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NUMERICAL DATA FILE (CONTINUED)

The current predictions of each crewmember's workload are written into these
files for each half-second of the segment.

The Numerical Data Files differ from the Simulation Listing output In two ways.
First, the files do not contain any description of the tasks or functions being
performed during the segment; the files only contain numbers (workload predic-
tions). Second, every half-second of the model execution is represented by a
new row of predictions. The first column in the file is always the segment time
and is followed by the model's predictions of the crewmember's current workload
for each of the components defined in the model. The final column is generated
by the workload equation. The files are tab delimited ASCII, which is compatible
with most text editors and statistical software.

TASK LISTING

The Task Listing output (see page E-1 2) was created to facilitate a review of the
simulation by experienced personnel to determine the accuracy of the model.
The Task Listing output lists only the segment time and current task(s) being
performed by the crewmernbers and has no information about the function or the
workload. This option produces a computer file in the model directory named by
combining the single letter crewmember codes and ####.LST. For example, if
the currently defined crewmember codes in the model are P and C, then this
option produces the file PC####.LST.

Each output option produces a unique file for set of files) in the model directory.
Thus, each time the Model Simulation routine is entered and a particular output
option is chosen, the program produces a unique file with the segment number
(e.g., ABS0001 .LST, ABS0002.LST, ABS0003.LST for segments 1, 2, and 3).
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Press the [51 ke on the Main Menu to review or print any of the output files. The Select
File window ~s displayed with a list of the viewable/printable files In the model
subdirectory.

Example Workload Prediction Model

Select File

CLASHES.LST

Esc: Exit Enter: Select I. t PgIJP PgDwt Home End: Move Highlight

Press the ] or[ I )Ito scroll the highlighted area through the list to the output file you
want to review. P~ress the [ENTER] key and the file is displayed.

rCOS\XML\B W1.LS Lnes 42 - 2o115-

37 Change Alitubde
i.0 Function 177: Evaluate Obstacle Clearance (Pilot)

439 Maintain Obstacle Clearance
Workload Totels:
GUNNER

1.0 Functlon 83: Monitor Auclio
66 Monitor Audio

1.0 Function 134: Select Sensor (FUR)

Transition
Workload Total*:

LEo? Exit F7: Print F0: Forward Search 41 T -# Sloroll

The full path and file name is displayed at the top left corner of the window. The line
numbers of the portion of the file currently displayed and the total number of lines in the
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file are listed at the top right corner of the window. The [ I ], [41] [--1, and [4-], [PG uP],
[PG DN], [HOME], and [END] keys can be used to scroll file for viewing on the screen.
Press the [F7] key to print the file. If the printer is not available, a pop-up window with
PRINTER NOT READY ... CHECK PRINTER AND TRY AGAINI will be displayed. If the printer
is available when the IF key is pressed, the message PRINT THE ENTIRE FILE? Vwill
be displayed. Press the [ENTER] key and the entire file will be sent to the printer. Press
the [N] key, followed by the [ENTER] key, and a pop-up window with ENTER FIRST PAGE #
AND ENTER LAST PAGE # is displayed. Enter the first page number and press the
[ENTER] key. Enter the last page number or an [I I for end of file and press the [ENTER]
Key to send the designated pages to the printer.

r- C-ATOWXAMPLEU•S001.18T - ftes 42 - 62 0121151

0.0 Function 83: Monitor Audo
66 Monitor Audio

0.0 Function 134: Select Sensor (FUR)
"Forwrd Searoh R

Enher searh atna

PILOT
1.0 Functon 83: Monhtor Audio

68 Monitor Audio
1.0 Function IS: UnmaskAircraft

37 Chare Alt•tude
1.0 Function 177: Evluste Obstie Clearance (Pilot)

Em,: Euit FT: Print FS! Forward Search 4 t -. GoHol

Press the [FS] key to search for a string of characters in the file. The Forward Search
window opens. Type the string of characters In the window and press the [ENTER] key
to begin the search for the string. If the string is found, the search will stop, highlighting
the string in the file. To quickly search for the same string again, press the [F8] key
again (notice that the previous search string remains in the Forward Search window),
then press the [ENTER] key. The search for the string begins at the top of the screen
that is currently displayed and only proceeds forward in the file. If the string is not
found, a bell sounds and an error message is displayed.

To exit the routine, press the (ESC] key to return to the Main Menu. To review other
files, press the [5] key to return to the Select File window.
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6 REPORT GENERATION

Press the [61 key on the Main Menu to execute the Report Generation routine. This
displays the Output Options Menu.

Example Worldoad Prediction mo

2. Send Output to Fle.
3: Send Output to Puinter vd File

Eso: Exit t t: Move Highlight 14. Ent: Select

Prior to generating any reports, TOSS needs to know how to direct the output. TOSS
can direct its output to go directly to the printer, into a file, or to both. To select an out-
put option, scroll the highlighted area with the [ T ] or [ ]. ] key and press the (ENTER] key
or press the number key that is displayed next to the output option. This displays the
Page Size window. Enter the number of lines per page and press the [ENTER] key or
press the [ESCI key to accept the current page size. This displays the Report
Generation Menu.

Example Worldoad Prediction Model

Report Menu--- ----- ........r, .. . ,

2: Function Names
8: Function Decision Rules
4: Segment Names•,
8: Segment Decision Nuie
0: Function Clash Pairs
7: Tlek Cross-Reference
0: Function Cros.Referenoe

Eac: Exit I t : Move Highlight 1-8, Enteri Se "ct
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To select one of the reports listed, scroll the highlighted area with the [ " 1 or [ ,. ] key to
the desired report and press the [ENTER] key or press the number key that Is displayed
next to the file name. Examples of the output produced for each of the reports are
presented in Appendix F. The instructions for generating the reports are given below.

TASK DATA BASE

Press the [1] key on the Report Generation Menu to generate a report of all tasks
and the associated subsystems and workloads. The prompt DO YOU WANT TO
ALPHABETIZE THE LISTING? Y is displayed. To generate an alphabetical task
listing, press the [ENTER] key. Otherwise, press the [N] key, followed by the
[ENTER] key, and a report is generated listing tasks by number. The Task Data
Base report contains all the tasks in the model with associated task number,
subsystem(s), and component workload(s). Use the View/Print Output option on
the Main Menu to view the file on the screen.

If option 2 or 3 of the output options is chosen from the Output Options Menu, the
Report Generated window wil open.

Example Workload Prediction Model

"Report Menu

2: Function Names
3: Function Decision Rules
4: Segment Names
5: Segment Decision Rules
6: Function Clash Pairs
7: Task Cross-Referenoe
8: Function Cross-Reference

I' ... . .. ! Report Generated ; i..

Press any keyy"

Eso: Exi L t : Move Highlight 14, Enter: Select

TOSS will pause, displaying the complete file name of the report file that was
created. After noting the name of the file, press any key to continue. The default
file name for the Task Data Base Report is TASKDB.LST.
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FUNCTION NAMES

To generate a report listing all the function names and numbers, press the [2] key
on the Report GenerationMenu and follow the Instructionsgiven for the Task
Data Base. The default file name for the Function Names Report is
FUNCTION.LST.

FUNCTION DECISION RULES

Press the [3) key on the Report Generation Menu to generate a report of the
information in one or more decision rules. The functions in the model are listed
numerically in the Function Names window.

Example Workoad Predictonw 1

Function Names
Ac|u re"Taret (",• spot Tmg. Emmet Re)

3: Acquire Target (Laser Spet Tracker. Manuel)
4: Acquire Target (OVO)
5: EMPTY
6: EMPTY
7: Acquire Target (FLP)
0: EMPTY
0: EMPTY
10: Activate Ignition
11: Adjust HADSS Boraslght (Gounner)
12: Adjust IHAD88 Boresight(Pilot)
13: Adjust Outiront Sorosight
14: Arrange Cockpit (Gunner)
1S: Artrange Cockpil (Pilot)

Functon 0 k I

Eso: Exit FS: Forward Search FI0: Execute 1-112. Enter: S leot

The number next to the FUNCTION # , prompt is the function that is highlighted
on the list. To change the number, scroll through the list using the l], [T,], [PG
UP], [PG DN], [HOME], or [END] key or enter the desired function number. Press
the [ENTERJ key and a right triangle is displayed next to the number in the list.
This identifies the function decision rule to be output. Press the [F3] key to select
all functions. Press the [F4] key to deselect all functions.

After identifying the desired functions, press the [F1 0] key to generate a report of
the designated Function Decision Rules. The default file name for the Function
Decision Rules Report, BLDFUN.LST, is displayed in the Report Generated
window. Press any key to return to the Report Menu window.

74



SEGMENT NAMES

To generate a report listing all the segment names and numbers, press the [4]
key on the Report Generation Menu and follow the instructions given for the Task
Data Base. The default file name for the Segment Names Report is
SEGMENT.LST.

SEGMENT DECISION RULES

Press the [5) key on the Report Generation Menu to generate a report of the
information in one or more segment decision rules. The Segment Names window
is displayed.

The procedure for selecting the desired segments is the same as that given
above for selecting functions. The default file name for the Segment Decision
Rules Report is BLDSEG.LST.

Example Workoad Prediction Model

elgment Names

3: Takeoff IO2: Takeoff [NVG)

4: Contour Flight
S: Contour Right INVO)
6: Contour RlIght (Threat)
7: Contour Flight (Threat INVOI
6: Contour Flight (Mission Change)

9: Contour Flight (Mission Change) (NYGI
10: Approach
11: Approach INVO)
12: Landing
IS: Landlng PWVG)
14: Bateor Takeoff (interfnal Loed)
IS: Before Takeoff (Externaf Loed)

Segmrent 0b 1

Eso: Exit FP: Forward Search F10: Execute 1434, Enter: Select
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FUNCTION CLASH PAIRS

Press the [6] key on the Report Generation Menu to generate a report of the
clash pairs. The Report Generated window pauses, displaying the default file
name for the Clash Pair Report: CLASHES.LST. Press any key to return to the
Report Menu. Return to the Main Menu and use the View/Prnnt Output to view
the file on the screen.

TASK CROSS-REFERENCE

Press the [7] key on the Report Generation Menu to execute the Task Cross-
Referance option. This option generates a report that, for each task, lists all the
functions that contain that task. The Report Generated window pauses, dis-
playing the default file name for the Task Cross-Reference Report: TASKFUN.LST.

ress any key to return to the Report Menu. To view the filo on the screen,
return to the Main Menu and use the View/Print Output option.

FUNCTION CROSS-REFERENCE

Press the [8] key on the Report Generation Menu to execute the Function Cross-
Reference option. This option generates a report that, for each function, lists all
the segments that contain that function. The Report Generated window pauses,
displaying the default file name for the Function Cross-Reference Report:
FUNSEG.LST. Press any key to return to the Report Menu. To view the file on the
screen, return to the Main Menu and use the View/Print Output option.
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71 UTILITISs

There are three utilities that may be useful during the creation and development of a
TAWL model. These utilities allow the user to import or export TOSS data files to
dBASE files, change the workload rating scales used In the workload analysis, or
change TOSS screen colors.

Press the [7] key on the Main Menu to execute the Utilities routine. This displays the
Utility Menu.

Example Workload Prediction Model

Utility Meanu

2: Workload Conversion
3; Cueloml Colors

Eso: Exit , 1: Move Highlight 1-3, Enter: Seleot

The Utilities routine has three different options:

"• Import/Export Data Files,
"* Workload Conversion, and
"* Customize Colors.

These options are fully described in individual sections beginning on the next page.
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IMPORT/EXPORT DATA FILES

Press the (11 key on the Utilities Menu to import or export TOSS data to dBASE
files. This displays the Import/Export Menu.

Eample Workoad Predwlw Model

ImportVExport Menu 1

2: IExport a TOSS tile Into dBASE
3 : Create dBASE Me structures for TOSS tisas

Eso: Exit 4 1: Move Highlighlt 1.3, Enter; Select

IMPORT A dBASE FILE INTO TOSS

Press the (1] key on the import/Export Menu to import existing data in
dBASE format into a TOSS model. See Appendix G for a full description
of the dBASE file names and structures for TOSS data. This displays the
Import Files Menu.
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IMPORT A dBASE FILE INTO TOSS (CONTINUED)

Example Workoad Prodicon Model

" I~mpot PF.. Unu '

2. Tas~t Data So*@
3 . Funoion Names
4: Function Decision Rules
5: Segmen Names
8: eglmot Decision Rules
7: Function Clash Pairs

Eac: Exit 4, t: Move Hlghllgh 1-7, Enter: Select

CAUTION: Selecting an item from this menu destroys the corresponding
TOSS data. When there are existing dBASE file- oic 4.,• model directory
with the correct names and file structures, selecting a.' one of the items
from the Import Files Menu causes TOSS to read the d'BASE file and
replace the current TOSS data with the data found in the dBASE file. Prior
to importing the data, TOSS displays a Warning window and allows you to
abandon the operation.

EXPORT A TOSS FILE INTO dBASE

Press the [2] key on the Import/Export Menu to export existing TOSS data
to dBASE format files. This displays the Export Files Menu. See
Appendix G for a full description of the dBASE file names and structures
for TOSS data.
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Example Workload Prediction Model

2: TaskData Boe"
II: Function Names#
4. PtmefOW Decision RvIes
5:. Segment tNome
II; fsement Decsiuon Rules

7. Function Cloth Pelts

lee: Wxtt Move H"ghlght 1.7, Enter Slelect

To create a dBASE file containing the current model data, select any of the
items on the Export Files Menu. TOSS creates a dBASE file in the model
direcory and pause to Identify the file(s) that were created.

0D-
CREATE dBASE FILE STRUCTURES FOR TOSS DATA

Press the [3) key on the Import/Export Menu to create empty dBASE files
structured for TOSS data. See Appendix G for a full description of the
dBASE file names and structures for TOSS data. This opens the Files
Created window displaying the dBASE file names that were created.

Example Workload prediction Model
- Import/U~xport Menu

I: Import a dBASE file Into TMS

1111" Cfeatd

Model Parameters t MODEL.DIP, MODELO0P.DOF
MODEL WL.0BP,MOOELSS.03F

Took Database i TASICDS.DSF
Function Nameso t UNCTION.DBF
Segment Names j SEGMENT.DSP
Segment Decision Ruies - LDSEO.DBF
Punetien Declslon Ruleet OLDPUN.Off11
Function Clash Poahe i CLASHES.OSP

Ese: Press__anykey___ U d
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WORKLOAD CONVERSION

Press the [2] key on the Utilities Menu to convert the workload ratings in a model
from one scale to another. This displays the Workload Conversion Menu. The
Workload Conversion Menu differs, depending on the workload components that
are identified in the model parameters of the model. An example Workload
Conversion Menu is given below.

Example Workoad Prediction Model

Worload Conversion Menu

2: PSY - Psychomotor
3: VIS - Visual
4: Convert Worldoad

Esc: F. A. Move Highlight 1i4, Enter: Sel

As indicated by the menu, the Example Workload Prediction Model has three
workload components: cognitive, psychomotor, and visual. Each of the workload
component selections on the Workload Conversion Menu allows the rating scale
for that component to be mapped onto a different scale. For example, if the first
item (1: COG- Cognitive) on the menu was selected by pressing the [1] key or
highlighting it and pressing (ENTER], the Cognitive Workload Scale Conversion
window would open.
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WORKLOAD CONVERSION (CONTINUED)

Example Worklcad PrMedict Monde

Cognitive Workload $*ale Converson

S 1.20 1.0
01.20

3.70 3.70
4.00
5.30 " 3t
6.00641

Enter a number from 0.00 to 99.9-

Eso: SExi Eneer: Aocept entry PI: T Whep F2: TAWL help

This window identifies all the unique values found in the cognitive workload
ratings entered in the Task/Workload Analysis routine. These values are listed in
the column labeled Original Value. Beside that col'imn is a column labeled New
Value where, initially, the original values are listed.

If, for sake of demonstration, you wanted to use this routine to double all the
cognitive ratings in a model, you would enter 14.00 beside the original value of
7.00, 2.00 beside the original value of 1.00, 2.40 beside the original value of 1.20,
etc. After entering the new mappin in the Cognitive Workload Scale Conversion
window, you would press the [ESCJ ey to return to the Workload Conversion
Menu window. Selecting the last item on the menu (i.e., Convert Workload)
would cause TOSS to replace all the original cognitive workload ratings with the
new ones you entered.

This utility was quite useful when models, developed using ordinal rating scales,
were updated to use equal-interval rating scales. The routine is capable of
producing any many-to-one or one-to-one mapping functions to convert from one
workload rating scale to another as long as the new values range from 0.00 to
99.99.
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CUSTOMIZE COLORS

Press the (3] key on the Utilities Menu to change the colors used in TOSS display
screens. This displays the Customize Colors Menu.

Example Worldoed Predicton Model

Customize Color Menu Information

2: Menu* II Change color of:
3 :Firt LvelWinowsentire eolor scltene.

4: Second Level Window*
6: TOSS Help Screens _____ !1
6: TAWL Help Sreenso
7: Save Window
8: elete Warning WIndow
9; Mleoellsneoue

Es.: Exit I .1:Move High 119ht. Enter: Modify Color

The first item on the Customize Color Menu (Entire Color Set) allows you, in a
single keystroke, to change all of the colors used to display information in TOSS.
There are two options for complete color sets: the Monochrome Color Set and
the Default Color Set. To change the color set to one of these schemes, highlight
the Entire Color Set option on the Customize Color Menu and press the [ENTER]
key. This displays the Entire Color Set Menu.

To change the display of information in TOSS so that it is best visible on a mono-
chrome display, highlight the Monochrome option on the menu and press the
[ENTER] key.

To change the display of information In TOSS to the original color set, highlight
the Default option and press the [ENTER] key.

The remainder of the options on the Customize Color Menu are used to change
the display characteristics of the 48 different type.. of information displayed by the
program. The procedures for changing the 48 different colors are similar; thus,
only one example is described.
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CUSTOMIZE COLORS (CONTINUED)

To change the color of menus, select the Menus option from the Customize Color
Menu. TOSS displays the Menus window.

Exampl Worfloed P diction Model

: ..- . .-- ... -:. .. :: . . ... :.-.... -. . - . .

Customle Color Menu
I •n~tire Color Set

I Menus
$ :FirstLeve Windows :

4: Sseond Level Windows
5: TOSS Help Screens : Wd
6: TAWL Help Screen. 3: Highiligt
7.- Save Window

5: Delete Warning Window
9: Miscellaneous

Em :Ek I Lt Move Highlight....Ent&: modify colio

Select the windows option either by highlighting and pressing the [ENTER] key or
by pressing the [2] key. This opens the Colors and Example windows.

Example Worldoad Prediction Model

x xx x x E x x x x x x
CustomizeColor Menu x x Ex x.9x x x x x x x x

I Entire Color Set x x x x x x x X 9 x K

2: Menus x x x x x x x x x x x x x x
3 FirstLevelWlndows x 9 X x x x K x It xK x x x
4 Second Levl Windows x V x x x 9 9 x I x I a x x
5. TOSS Help Screens x x x x x x x x x x x x x x
6 TAWLiHelpScreens L x X x X X X X x X I x x
7. Save Window Example
8 Delete Warning Window TOSS Version 4.0
9 Misoellaneous Main Menu

_II I. Model Parameters
II 2 Task Database

seO: Exit I 1: Move Highlight Entar" Modify C1i.r

Use the [ 1" ], I J 1] or [+-I key to select the color in the Color window. To aid
in color selection, the Example window displays the selected color scheme.
When color selection is complete, press the [ENTER] key to return to the Menus
window. Press the [ESC] key to return to the Customize Colors Menu.
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CUSTOMIZE COLORS (CONTINUED)

Use the same procedure to change the colors of any of the other items on the
Customize Colors Menu.

Press the [ESCI key to return to the Utilities Menu. TOSS asks for confirmation
on the changes made to the color scheme. To save the changes, press the
[ENTER] key; to discard them, press the [NJ key, followed by the [ENTER] key.

When the use of the utilities is completed, press the [ESCI key on the Utility Menu
to return to the Main Menu.
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S8 MODEL SELECTION

The Model Selection routine can be used to select, create, delete, back up, and restore
models.

Press the [8) key on the Main Menu to execute the Model Selection routine. This opens
the Drive Selection window. Enter the single letter designation of the computer disk
where the model is stored and press the [ENTER] key. This opens the Model Selection
window.

TOSS
TAWL Operator Simulation Syswm

Model S1ecti"on
A[H-4A Apache Workload Pted*dn Model
UH-6OA Black Hawk Workloed PredlaiIon Model
MH47E SOF Chinook Workload Predialcon Model
MH40K SO Blaok Hawk WorkloadlPredi ion Model

CiWD Chinook Workload Prediction Model
SMod •e odeela -

The Model Selection routine has five different windows:

"* Model Selection,
"* Model Creation,
"* Model Deletion,
"• Model Backup, and
"* Model Restoration.

These windows are fully described in individual sections beginning on the next page.
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MODEL SELECTION

To select a model, highlight the mudel using the [ I ] or [ ,L ] key. The content of
the Model Directory window changes as different models are selected in the
Model Selection window, Indicating the disk directory that contains the model
data files. To begin working with a model, highlight it and press the [ENTER) key;
to execute one of the other model level actions, follow the instructions below.

MODEL CREATION

To create a new model from the Model Selection window, press the [INSERT] key.
This opens the New Model window.

- _ New Model

Enter path for new model-

Enter new model name-

Eec: Exit Fl. F2: Help F10: Creew New Model

Enter the new model subdirectory and press the [ENTER) key. Enter the new
model name, then press the [ENTER] key. Press the [F1 01 key to create the new
model; to abandon the creation of the new model, press the [ESC) key. The
Model Selection window then opens with the new model name in the list of
available models.
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MODEL DELETION

To delete an existing model and all Its associated data files, highlight the model
using the [ T I or [ I) key and press the [DELETE] key. This opens the Delete
Model window.

TOSS

TAWL Operator Simulation System
Model Selection

AH-64A Apache Workload Prediction Model
UN-60A Block Hawk Workload Prediction Model
MH.47E SOF Chinook Workload Prediction Model
MH,60K SOF Black Hawk Workload Prediction Model

Exam Deet Mode

Enter Y or N

CATOSSMEXAMPLE

To confirm that the selected model is to be deleted, press the [Y] key, followed by
the [ENTER] key. To abort the request to delete the model, press the [ENTER] key.
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MODEL BACKUP

To make a backup copy of all a model's data files, highlight the model using the
[ 1 or ( ,L I key and press the [F 11] or [ALT-B] key. This opens the Backup
window.

TOSS
TAWL Operator Simulation System

- Model Selecion
AH-64A Apache Workload Prediction Model
UH-60A SlackHawk Workload Prediction Model
MH-47E SOF Chinook Workload Prediction Model
MH-OOK SOF SlackHawk Workload Prediction Model

- - -Backup
Specify path to backup data #las to:

Model Directory

C\TOSSWEXAMPLE

Enter the DOS drive and path name of the directory where TOSS is to copy the
files and press the [ENTER) key. To abort the request to backup the model and
return to the Model Selection window, press the [ESC] key. If a valid directory has
been entered, TOSS will copy the data files from the model directory to the speci-
fied directory and indicate that the model has been backed up successfully.
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MODEL RESTORATION

CAUTION: Using the Model Restoration option overwrites current TOSS data.
To restore a copy of all of a model's files from a backup, highlight the model
using the (T I or [ ,. ] key and press the [F12] or [ALT-R] key. This opens the
Restore window.

TOSS
TAWL Operator Simulation Syswm

-Model Selection
AH-64A Apache Workload Prediction Model
UH4-OA Slal-kHawk Workload Prediction Model
MH-47E SOF Chinook Workload Prediction Model
MH4OK SOF BlackHawk Workload Prediction Model

Restore
Specify path to restore date files from:

Modal Directory

C:\TOSNEXAMPLE

Enter the DOS drive and path name of the directory where TOSS is to find the
backup files and press the [ENTER] key. To abort the request to restore the
model and return to the Model Selectio'n window, press the [ESCI key. If a valid
directory has been entered and the model name of the selected model matches
the model name in the specified directory, TOSS will copy the data files from the
specified directory to the model directory and indicate that the model has been
restored successfully.

If TOSS finds that the model names of the two directories do not match, it will
open a Warning window displaying both model names and give you a chance to
abort the restore command.
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I ~GLOSSARYI

ACTIVE The span of time in which a random task or function is allowed to
PERIOD occur.

COMPONENT Each half-second period in which a workload component exceeds
OVERLOAD the overload threshold established in the model. The number of

component overloads is computed separately for each crew-
member defined in the model.

CONTINUOUS Describes tasks whose magnitude or intensity of performance
determine the magnitude of the resulting system response. The
resulting state of the system in turn determines the magnitude or
intensity of the subsequent performance of the task. Continuous
tasks occur in closed-loop control systems. Mission requirements
and conditions determine their start and end points. In TAWL,
continuous is used in contrast to discrete.

DECISION A list of temporal sequencing information that describes the
RULES execution of tasks within a function or the execution of functions

within a segment. A decision rule contains either a start time and
tinish time or a start time and duration.

DISCRETE Tasks whose magnitude or intensity of performance does not
determine the magnitude of the resulting system change. Discrete
tasks occur in open-loop control systems. In TAWL, discrete is
used in contrast to continuous.

FIXED Describes tasks or functions that occur in a specified sequenco
rather man a random sequence.

FUNCTION The collection of crewmembers' actions that are necessary to carry
out a single logical activity. Functions are interruptible parts of a
segment that may be present in different segments. Functions can
be concurrent with or sequential to other functions in a segment.
Functions are composed of tasks. Examples of functions include
perform before-taxi check and check instrument panel.
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FUNCTION A pair of functions that cannot be performed concurrently. For
CLASH example, In the attack helicopter, the copilot/gunner cannot
PAIRS perform the track targets automatically function and the track

targets manually function at the same time.

INTERRUPT An interrupt occurs when the performance of one function is
stopped temporarily in order to perform another one. For example,
monitoring the external visual scene may be interrupted to check
the instrument panel.

MISSION An operation of the system that Is designed to accomplish a broad
objective. Because there are several ways to accomplish that
objective, a composite mission can be developed from several
unique mission profiles (e.g., different routes, different targets).
"l'he composite mission contains as many operations as possible
that are common to the various missions. A mission is composed
of phases, segments, functions, and tasks. Examples of missions
include seeking out and destroying enemy targets and transporting
personnel and cargo from one point to another.

OVERLOAD A theoretical construct defined as the point at which an operator's
attentional resources are so depleted by current task demands that
performance on one or more of the tasks is degraded.

OVERLOAD A period of time when one or more component overloads have
CONDITION occurred. An overload condition is counted each time a change in

the tasks contributing to a component overload occurs. The
number of overload conditions is computed separately for each
crewmember defined in the model.

OVERLOAD The percentage of time that an overload condition has occurred
DENSITY during a mission segment. The overload density is computed

separately for each crewmember defined in the model.

OVERLOAD A value established in the model (the dofault is 8) that determines
THRESHOLD the point at which a component overload occurs. TOSS maintains

an overload threshold for each workload component. Each
component overload threshold is defined for all crewmembers in
the model.

92



PHASE A temporally discrete, uninterruptible, and nonrepeating part of a
mission. A phase is a required, logical part of a mission that may
be accomplished in several ways. Phases must be sequential to
other phases (i.e., they do not occur concurrently) and must be
contiguous. All portions of the mission are encompassed under
one of the mission phases and every phase must be performed to
accomplish the mission. Thus, the mission Is composed of a
sequence of phases placed end to end. Phases are composed of
segments, functions, and tasks. Examples of phases include
preflight, departure, en route, and target servicing.

RANDOM Describes two different aspects of tasks or functions: (a) they may
occur at any time as opposed to a fixed time and (b) they may
occur a variable number of times. In TAWL, random is used in
contrast to fixed.

SEGMENT A temporally discrete, uninterruptible part of a phase. A segment
represents a particular method of accomplishing a part of a phase.
Segments must be sequential to other segments and must be
contiguous. Several segments may represent a variety of methods
used to complete a portion of the phase; thus, every segment
within the phase may not need to be performed to complete the
phase. Segments may be repeated in other phases. Segments
are composed of functions and tasks. Examples of segments
include contour flight and approach.

SUBSYSTEM A collection of mechanical, electrical, or computational equipment
with which a crewmember must interact o perform a function. A
subsystem is a component of a subsystem group. Examples of
subsystems include brakes, hydraulics, and rotor.

SUBSYSTEM Two or more interacting, interrelated, or interdependent
GROUP subsystems. Subsystems are maintained in TOSS as parts of

subsystem groups. Examples of subsystem groups include
navigation and flight control.

SUBSYSTEM The number of times that a subsystem is associated with a
OVERLOAD component overload.
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SYSTEM The entire collection of equipment with which a crewmember must
interact to accomplish a mission. Systems are composed of
subsystem groups. Examples of systems include aircraft, tank,
and automobile.

TASK An uninterruptible crew activity that Is essential to the successful
completion of a function. The task is the basic element in the
decomposition of a mission. Examples of tasks include adjust CRT
intensity, set collective friction, and control altitude.

WORKLOAD The total attentional demand required by all current tasks and
responsibilities of an operator in a system. Attention is assumed to
have several components. Workload is assessed for each
component.

WORKLOAD One of several attentiona' resources that can be temporarily
COMPONENT depleted by task demands. Examples of workload components

include cognitive, psychomotor, and sensory.

WORKLOAD A single character that further categorizes a workload component.
COMPONENT For example, the psychomotor workload component might have
SPECIFIER two workload component specifiers, L for left hand and R for right

hand.
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I APPENDIX A

BLANK WORKSHEETS

WORKSHEET PAGE

FUNCTION ANALYSIS WORKSHEET A-2
FUNCTION SUMMARY WORKSHEET A-3
FUNCTION DECISION RULES WORKSHEET A-4
SEGMENT SUMMARY WORKSHEET A-5
SEGMENT DECISION RULES WORKSHEET A-6
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! APPENDIX B I

EXAMPLE WORKLOAD RATING SCALES

SCALE PAGE

COGNITIVE B-2
VISUAL B-2
AUDITORY B-2
KINESTHETIC B-2
PSYCHOMOTOR B-3
NIGHT VISION GOGGLES B-3
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WORKLOAD COMPONENT SCALES

Scale
Value Verbal Descriptor

Cognitive

1.0 Automatic (Simple Association)
1.2 Alternative Selection
3.7 Sign/Signal Recognition
4.6 Evaluation/Judgment (Consider Single Aspect)
5.3 Encoding/Decoding, Recal!
6.8 Evaluation/Judgment (Consider Several Aspects)
7.0 Estimation, Calculation, Converrion

Visual

1.0 Visually Register/Detect (Detect Occurrenc2 of Image)
3.7 Visually Discriinate (Detect Visual Differences)
4.0 Visually Inspect/Check (Discrete Inspection/Static Condition)
5.0 Visually Locate/Align (Selective Orientation)
5.4 Visually Track/Follow (Maintain Orientation)
5.9 Visually Read (Symbo')
7.0 Visually Scan/Search/Monitor (Continuous/Serial Inspection, Multiple Conditions)

Auditory

1.0 Detect/Register Sound (Detect Occurrence of Sound)
2.0 Orient to Sound (General Orientation/Attention)
4.2 Orient to Sound (Selective Orientation/Attention)
4.3 Verify Auditory Feedback (Detect Occurrence of Antidpated Sound)
4.9 Interpret Semantic Content (Speech)
6.6 Discriminate Sound Characteristics (Detect Auditory Differences)
7.0 Interpret Sound Patterns (Pulse nates, etc.)

Kinesthetic

1.0 Detect Discrete Activation of Switch (Toggle, Trigger. Button)
4.0 Detect Preset Position or Status of Object
4.8 Detect Discrete Adjustment of Switch (Discrete Rotary or Discrete Lever Position)
5.5 Detect Serial Movements (Keyboard Entries)
6.1 Detect Kinesthetic Cues Conflicting With Visual Cues
6.7 Detect Continuous Adjustment of Switches (Rotary Rheostat, Thumbwheel)
7.0 Detect Continuous Adjustment of Controls
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WORKLOAD COMPONENT SCALES (continued)

Scale
Value Verbal Descriptor

Psychomotor

1.0 Speech
2.2 Discrete Actuation (Button, Toggle, Trigger)
2.6 Continuous Adjustive (Flight Control, Sensor Control)
4.6 Manipulative
5.8 Discrete Adjustive (Rotary, Vertical Thumbwheel, Lever Position)
6.5 Symbolic Production (Writing)
7.0 Serial Discrete Manipulation (Keyboard Entries)

Night Vision Goggles

1.0 Visually Register/Detect (Detect Occurrence of Image With NVG)
4.8 Visually Inspect/Check (Discrete Inspection/Static Condition) With NVG
5.0 Visually Discriminate (Detect Visual Differences) With NVG
5.6 Visually Locate/Align (Selective Orientation) With NVG
6.4 Visually Track/Follow (Maintain Orientation) With NVG
7.0 Visually Scan/Search/Monitor (Continuous/Serial Inspection, Multiple Conditions) With NVG

B-3



APPENDIX C

CONVERT VERSION 3 MODELS
TO VERSION 4
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INSTRUCTIONS FOR CONVERTING DATA TO TOSS VERSION 4.0

UPDATE4.EXE is a program to convert workload prediction models developed with
the TOSS software prior to version 4.0 of the software. Several changes have been
incorporated to the software in version 4.0.

If nonstandard file names have been used to store model data, those file names mus
be renamed to the default prior to conversion. The UPDATE4 program assumes the
default file names are used to store model data.

Prior to using the UPDATE4 program, please make complete backups of all date files
as well as previous versions of the TOSS software. If all else fails, this backup may
be your only recoursel

To use the UPDATE4.EXE software to convert earlier models and function decision
rule data to version 4.0 data, perform the following steps:

1. Execute the UPDATE4.EXE program by typing "UPDATE4' or answer yes to
the CONVERT VERSION 3 MODELS TO VERSION 4? prompt during TOSS
installation.

To execute the UPDATE4.EXE program on a monochrome :nonitor. type

"UPDATE4/m".

This clears the computer screen and asks for a single letter speci'icsticn of the

disk drive containing the model.

2. Press the letter of the disk drive but do not press the [ENTER] key.

This clears the screen and the program displays a graphical representation of

the directory structure of the specified disk drive.

3. Use the arrow keys to highlight the directory that contains the od %,v's!7son vAf the
model. Press the [ENTER] key.

4. Prior to the conversion of the model data, the program prompts for

confirmation.
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If confirmed, the program will convert MODELDAT to the new format and
announce the success of the conversion.

5. Prior to the conversion of the function decision rules data, UPDATE4 prompts
for confirmation.

TOSS 4.0 no longer supports the Interrupts at the task level. Thus, simulations
of models developed under version 3.0 that utilize the Interrupt feature of
discrete random tasks will not run the same in version 4.0.

If an interrupt occurs in any discrete random task, the program will beep and

ask if you want to continue the conversion and ignore the interrupt. If you
choose not to continue, the conversion will be aborted and will return you to
the directory structure (Step 3). If you choose to continue, the program will
convert BLDFUN.DAT to the new format and announce the success of the

conversion.

6. Prior to the conversion of the segment decision rules data, UPDATE4 prompts

for confirmation.

If confirmed, the program will convert BLDSEG.DAT to the new format and

announce the success of the conversion.

7. Prior to the conversion of the task data base files, UPDATE4 prompts for

confirmation.

If confirmed, the program will convert TASK.DAT, WORKLOAD.DAT, AND SS.DAT to

the new format and announce the success of the conversion.

8. Prior to the conversion of the function names and segment names files, the
program prompts for confirmation.

The conversion Is similar to Step 7.

9. UPDATE4 asks if there are any split functione in ihe function decision rules file.

TOSS 4.0 no longer supports split functions. In the conversion of models from
3.0 to 4.0, UPDATE4 gives each part of a split function a unique function

number and the same name as the original function.

MAKE SURE STEP 8 HAS BEEN COMPLETED BEFORE PERFORMING THIS STEPI
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If there are split functions, you are given the option of leaving the function
numbers the same or renumbering them to be consecutive after the last non-
splitting function number.

By renumbering the split function numbers, you will probably omit a lot of blank
records in the function names file. Furthermore, it you choose to renumber, the
program will also renumber the corresponding function number in your
segment decision rules and function clash pairs files. The renumbering
routine will also produce a text file named CHANGES.LST which lists the old split

function number and its new function number.

If you are not sure if there are any split functions, perform the procedure
anyway. These conversions only take a minute and ensures that everything is
converted properly.

10. To convert another model, repeat Steps 3 through 9: otherwise, press the
[ESC] key to exit the program.
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SAPPENDIX D j

SIMULATION LOGIC FLOW DIAGRAM

DIAGRAM PAGE

SIMULATION OVERVIEW D-2
INITIAL LOGIC D-3
FIXED FUNCTIONS D-4
RANDOM FUNCTIONS D-5
CONCLUDING LOGIC D-6
FUNCTION INTERRUPTS D-7
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SIMULATION OVERVIEW

This appendix presents a detailed description of the processes and logic used by
the computer during TOSS simulation. A brief summary of the simulation process is
presented below and a flowchart of the proce6s of simulation is presented on the
following five pages. This appendix should provide sufficiently detailed Information to
understand the simulation process.

The simulation routine (BLDSEG) performs a loop until all the functions defined in
the segment decision rule have been executed. Each pass through the loop represents
one-half second in segment time. The simulation routine maintains a segment clock
and separate function clocks that determine segment and function completion.

The simulation routine works by building a list of working functions and, for each
function, a list of working tasks. Functions and tasks are added to the working list when
they are ready to be performed. A working function is flagged if it is interrupted by
another working function. A working function or task remains in the working list until it
has been performed for its entire duration.
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EXAMPLE OUTPUT OPTIONS

OPTION PAGE

SCREEN OUTPUT E- 2
SIMULATION LISTINGS E- 3
NUMERICAL DATA FILE E.1 I
TASK LISTING E-1 2

E-1



o6

4 "- in a 4
_j I

17 V) 0v

E-2



10 0 SOcc i

o 4 C4 400 10 0; 4 10C C4 0 50

C 99 C!~ 9ý C95 9 V9
o 44C0 0 1 0 0 1

* % 0 80 0 O-4 3 0 3

0 0 a
I* C 1 9 9 C!

K - 0 er- a 0 5-I0 0 Ito - 0 I..

to to
I ItI

a 0 0 ICC 00 a a0 0 C I

0

n 1ý 4 w 6 m 6

of) -4 -
m MUIcI
f- a L -4 4

-4 U - 4

fn 0

9 1 11 C!C
%U 0 06 @

~ .~ 0- IE-3



a 0

a to al 10 0la to 0 10
'00 0 IC '

C! C! I I . 9 C!~14 9 1 9

a 0 so a a 10 a a
a ~ ~~ ~ ~ ~ ~ C! C 1C ! 4 099 C !C 1ý

t0 a 0 1 0 9 10 9'.

I o

o a a0 0 a Ia 0 0 10 a

I a 0 1 0 a aa i

0 0

00

a! A

U UII

E-4



-4 0

ft~~ C4 141 ; 40f

00 tolA 0~ 1

aA N C1 4 0 I0 N

o 10 0 c 0 0 0 0

a I.in 0 10 0 0 0 0 01 19
In0 I0 0 1 0 '0 C,

0t0oC 0 la 0 0 *ý 0 0o
C! I 8! 19 It 190 C

00 10 0 't0 a 0 0 10 0 10

c 0 1 0 go a 00

04 ac0 ai 0
a~~ 10k

0 0
0 a

9.3

Aj 41

14 -v 4 N41

-3E-5



0

* .

"t

u a

C, S,.C! C!

I.a

II

I..

0I B

6#1

.* Ig l IE-6
I 0

4. o .- i
! i i

~D 'E-6



~~M( 0000 04 4 00 0

ou 1

4 -4

j 3

Ad 0

o *11

2b. 28
0 0

0% ~ ~ ~ ~ L idN 4 0 ~ %

ILE-7



M N

0000000 00000 002:00000 @00 00 0000000000w 2:OCO

occ::: c: cocoa comop,:00 coo 00 cocc00:::0P100

w Cy
a, C

0000000 00000 cowOoOOOO c00 00 0000000t)o 90000

cU aco 000000 00000co coo000 00 c0 0000000000 ::co

aoc oo co oa 0 0 1 C!- 9C ! iC !C i1 91 ý1 !C

4; C; @00 00 0000 40;0 0 000 00 00aaa0 oo *-0000o-0 -000

- j( 00000200 00000 oo;ONoooo 000 00 coaaccoolo Coco

U) 000000 00 0 0000 00 00 C!OO O~l 0000 C !19C ý !1

0000000ý;C~ 00000 0000.0000 000 00 0000000000 A0O0

94 0000000 00000 00U)00000 000 00 0000000000 WaoO
C In %

40000000 00000 00000000o 000 00 0000000000 0000o

0 **oa 00000 00000000 000 00 0000C000:0 0000

cI coa 00000 c00a 000~00000 000 00 0000000000 -000

a a 0

.J 0000000 00000w Oovno0000 000 00 000.)000.0 aNaa n

C0 j

20-

"0 A-

(A u
Z 0 4&A- )-

lo *, 2.2 . )%, )1. g

g. W a 4 A 115'a W 6 1-U5
a, I a

IE-8



0 0
* do,

0*ooooe 00000 00000000 000 00 00000000010 000O

Qoo oo cocoa0 0000 000000 000 00 000,0000000 00~0

0000CON~0 co oa 00 00 00000c0aow c 0c cDocal

%0001 00000 00000000 coo cc 000,0000Pd0 0000

wocan00000 00000000 000 c 0000000000 ori

40 '00000... 00000 00000000 c00 00 000W000a0co 00%00

kn*c 0009 00000 00000000 000 00 0000000000 00P5

*000000 00000 00000000 000 00 00000000 0~

Occo cocoa0 000 00000000 000 00 0000000000 00~0r

C! NýC !C 9C !C 9C 9 ýC !C !C !C C !C 91 !41 9C 94 !4 !C !1

05 000000 00000 00000000 000 0c 0000000000 00e0

C 44

ccoo00000 00000000 000 00 0000000000o 000a

0000000 00000 00000000 000 00 000P000000o 00,110

C; 00 0 0 0000 00 00 0 000 00 OO mO;O 0000; C ; ;1 ;C C ; C ; C;C ; C C ;C ;
0

.j 0000000m 00000 00000000 000 00 0001"CO0000 0000

00 0

00

.4O

u 0..0.
'4 6) u

C 10 A -.DC
inV0CC d1 GC 6. E - '4 CU

v .C 2 . - 11 9-1 .. 0 &.A 0 0 0.

I~ ib.Oi l; -A 4 -W at M l- ):

E-9



6.4 @

e74 -c -

0 .

rz

P4 P4 N w

B S S S E 10



~~ ~~D W W 10 '04 n, C- .1 t 14 CW C.. '000000000''.'.l'.00.'''~l00 N '0.N 0" .lo

ILl

N m N 4 N N N N N N N o N N o a0 0 c N N . . . N N N N N N4f N Nm N N N N N4 NfN N Nq N N "' o~ A0 n ' .f4 ' "0' N ý n n"" N

.. . .. . . .00.......... .......... ..... 0 .. .........00

S oooo e o ooooooo c ------ ococcooeoooaooccciaovgooggggog-g-gg-g o

0000 0000 0- - - -000 0000 000 0000 0000 0' ---------- fl0

0w 00 0 w 0 00 %0 00r Maw0 00 0 00 0 0 0 m 0 m0 0 0000 00 00 000 OCC o00% Mf

NNN000000CNNe~fw "N"NN

0000 000 000 000 000 000 000 0000 000 000 000 00E-10 001



4 C

V0. 4 Vv

w1Z2 ( z2A v0z 30:-C d C I Id l i: am i cdc -c - c- C =- c I Cc-
011 b

0 -

4.43

4 ;

-. ~ ~ o. ~ &E-12



I APPENDIX.F I

EXAMPLE OUTPUT OF MODEL

DATA BASE

DATA PAGE

TASK DATA BASE F-2
FUNCTION NAMES F-3
FUNCTION DECISION RULES F-4
SEGMENT NAMES F-5
SEGMENT DECISION RULES F-6
FUNCTION CLASH PAIRS F-7
TASK CROSS-REFERENCE F-8
FUNCTION CROSS-REFERENCE F-9
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APPENDIX G I

DBASE FILE STRUCTURES
FOR TOSS DATA
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dBASE File Field! Field Name Type Width Description

MODEL.DBF 1 MODELNAME Character 66 Model Name
2 RANOCCUR Logical 1 Controls the number of

occurrences of random
functions and tasks during
simulation
True a Random
False a Fixed

3 RANTIMES Logical 1 Controls the start times of
random functions and
tasks during simulation
True = Random
False a Fixed

MODELOP.DBF 1 OPCODE Character 1 Crewmember Code
2 OPNAME Character 8 Crewmember Name

MODELWL.DBF 1 WLABBRV Character 3 Workload component
abbreviation (the last
record contains
information about the
workload equation)

2 WLNAME Character 12 Workload component or
equation name

3 WLOL_MIN Numeric 7 Workload component or
equation overload
threshold

4 WLSPECS Character 21 Workload component
specifiers (not used in the
equation record)

5 CONFLICT Character, 20 Workload component
specifier conflict pairs--up
to 10 pairs (not used in
the equation record)

6 EQUATION Character 66 Workload equation - only
used in the equation (last)
record of file

MODELSS.DBF 1 GROUPCODE Character 1 Subsystem group code
(only used at the
beginning of each
subsystem group)

G-2



dBASE File Field Field Name Type Width Description

MODELSS.DBF 2 GROUPNAME Character 30 Subsystem group name
(continued) (only used at the

beginning of each
subsystem group)

3 SSCODEMAX Numeric 2 Number of subsystems in
the group - indicates the
number of records
containing the subsystem
information for that group

4 SSABBRV Character 3 Subsystem abbreviation

5 SSNAME Character 30 Subsystem name"• -=-- I-

TASKDB.DBF 1 NUMBER Numeric 4 Task number

2 TASKNAME Character 66 Task name

3 SS1 Character 3 First subsystem
associated with the task

4 SS2 Character 3 Second subsystem
associated with the task

5 SS3 Character 3 Third subsystem
associated with the task

6 WL1 Numeric 5 First workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

7 SPEC1 Character 1 Workload specifier for the
first workload rating

8 WL2 Numeric 5 Second workload rating
for the task. Component
is determined by order of
entry in MODELWL.DBF

9 SPEC2 Character 1 Workload specifier for the
second workload rating

10 WL3 Numeric 5 Third workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

11 SPEC3 Character 1 Workload specifier for the

I_ third workload rating
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dBASE File Field I Field Name Type Width Description

TASKDB.DBF 12 WL4 Numeric 5 Fourth workload rating for
(continued) the task. Component is

determined by order of
entry in MODELWL.DBF

13 SPEC4 Character 1 Workload specifier for the
I I fourth workload rating

14 WL5 Numeric 5 Fifth workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

15 SPEC5 Charecter 1 Workload specifier for the
fifth workload rating

16 WL6 Numeric 5 Sixth workload rating for
the task. Component is
determined by order of
entry in MODELWL.DBF

17 SPEC6 Character 1 Workload specifier for the
sixth workload rating

FUNCTION.DBF 1 FUNCTION Numeric 4 Function number
2 NAME Character 66 Function name
3 FIXEDNUM Numeric 4 Number of fixed tasks in

the function decision rule
- discrete fixed and
continuous fixed

4 CONTRAN Numeric 4 Number of continuous
random tasks in the

i function decision rule
5 DISRAN Numeric 4 Number of discrete

random tasks in the
function decision rule

BLDFUN.DBF 1 FUNCTION Numeric 4 Function number
2 TASK Numeric 4 Task number- Place all

fixed tasks first, then
continuous random tasks,
followed by discrete
random tasks
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dBASE File Field I Field Name Type Width Description

BLDFUN.DBF 3 OPERATOR Numeric 1 Crewmember for the task
(Continued) - coded as a number

corresponding to the
order of crew as entered
in MODELOP.DBF

4 START Numeric 7 Task start time

5 FINISH Numeric 7 Task finish time - only
used for discrete random
or continuous random
tasks

6 DURATION Numeric 7 Task duration
7 TIMES Numeric 3 Number of occurrences of

the discrete random task -
only used for discrete
random tasks

8 DIS_FIX Logical 1 Indicates class of fixed
task: True = discrete
False = continuous

SEGMENT.DBF 1 SEGMENT Numeric 4 Segment number

2 NAME Character 66 Segment name
3 FIXEDNUM Numeric 3 Number of fixed functions

in the segment decision
rule - discrete fixed and
continuous fixed

4 RANDOMNUM Numeric 3 Number of discrete
random functions in

,segment decision rule

BLDSEG.DBF 1 SEGMENT Numeric 4 Segment number
2 FUNCTION Numeric 4 Function number - Place

all fixed functions first
followed by discrete
random functions

3 DISCRETE Logical 1 Indicates class of fixed
function: True = discrete
False = continuous

_ I START Numeric 7 Function starl time
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dBASE File IFieldI Field Name I Type IWidthjl Description

BLDSEG.DBF 5 FINISH Numeric 7 Function finish time - only
(Continued) used for discrete random

functions

6 DURATION Numeric 7 Function duration
7 FUN2 Numeric 4 Second function number -

only used for discrete
random functions

8 DUR2 Numeric 7 Second duration - only
used for discrete random
functions

9 TIMES Numeric 3 Number of occurrences of
the discrete random
function

10 INTRPT1 Numeric 4 Interrupt function number
11 INTRPT2 Numeric 4 Interrupt function number
12 INTRPT3 Numeric 4 Interrupt function number
13 INTRPT4 Numeric 4 Interrupt function number
14 INTRPT5 Numeric 4 Interrupt function number
15 INTRPT6 Num.'ric 4 Interrupt function number
16 INTRPT7 Numeric 4 Interrupt function number
17 INTRPT8 Numeric 4 Interrupt function number
18 INTRPT9 Numeric 4 Interrupt function number
19 INTRPT10 Numeric 4 J Interrupt function number
20 INTRPT1 1 Numeric 4 Interrupt function number

21 INTRPT12 Numeric 4 Interrupt function number

CLASHES.DBF 1 IFUNCTION1 Numeric 4 First function number in
clash pair

2 FUNCTION2 Numeric 4 Second function number
in clash pair
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Please provide us with comments and suggestions about TOSS

Chief
USARI Aviation R&D Activity
ATTN: PERI-IR
Fort Rucker, AL 36362-5354

Name, Date;

Organization-,

Street;

City, State, Zip:

Telephone;

Comments-,
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